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URNS and sealds form probably the earliest wounds treated by 
mankind. They have been known in ancient methods of warfare, 
and have formed quite a high casualty list in modern campaigns. Yet, 
never until the present conflict have burns and sealds been so numerous. 
There are many reasons for this great increase. First, the present war 
as the Germans are waging it, is a total war, and the bombing attacks 
are indiscriminate, and therefore the civil population, often women 
and children, may suffer the most. Second, the greatly extended use 
of mechanical transport with its oil fuel has been responsible for an in- 
crease in burns and sealds among the general public. Third, in the 
Navy, Army and Air Force, with their greatly extended use of petrol, 
and the fact that dive bombing on the warship and tank is a common 
procedure, the casualties due to burns have multiplied. 


In the war of 1914-18 a large proportion of burns in the fighting serv- 
ices were caused by cordite, largely due to backflash down the ammuni- 
tion shafts of fighting ships. This cause has been eliminated for all 
practical purposes in this war, owing to the fact that with the present 
mechanical arrangements, backflash is now impossible, and so cordite 
burns are rare. The common causes of burns and sealds as seen in the 
present war are petrol, burning oil, phosphorus pipes, electric burns 
due to severed cables or short circuits. Quite a number of bad burns 
have occurred among the fire fighting personnel, due to the intensive heat 
of burning buildings ignited by incendiary bombs. In a large collection 
of cases burns and sealds are the only injury present, yet on the other 


Received for publication, April 14, 1941. 


*Consulting Surgeon to the Royal Navy, Senior Surgeon to King’s College Hospital 
and to the West End Hospital for Nervous Diseases; Hunterian Professor, Royal Col- 
lege of Surgeons of England, 


207 


No. 2 
4 
Gis 
3 
a 
: 
ag 
i : 


208 SURGERY 


hand, there are always a number of cases both among the civilian popula- 
tion and in the fighting services, where the burns are complicated by open 
wounds or fractures. However in quite a proportion of burns in the 
Royal Navy the commonest complication is ‘‘blast lung’’ a condition 
which varies from a triviality to a most serious and fatal manifestation. 
Another complication which is not too well-known is fat embolism; this 
is found to be present in 40 per cent of burn cases which have proved 
fatal. 

In times of peace the treatment of burns is quite standardized and 
straightforward, and most of the cases receive hospital treatment with- 
in one hour of the accident; therefore the results should be better 
and the mortality lower than those treated under war conditions. 
Again burns and sealds in peacetime are frequently the only lesion to 
be treated while in modern warfare there are often associated injuries. 
In this war there is the added complication of blast injuries both in 
civilian and service burns, because so many are caused by bomb flash. 

During the last fifteen years much research has taken place concern- 
ing burns. This was initiated by Davidson, of Detroit, in 1925, who in- 
troduced tannic acid in the treatment of burns. The coagulation of the 
burnt area by tannie acid reduced the mortality of burns enormously, 
and prior to the war was universally used for all cases with great success. 
However, under war conditions burns do not always get immediate at- 
tention and sepsis is a very common complication. 


CLASSIFICATION OF BURNS 


Dupuytren described six different degrees of burns as follows: 

The first degree consists merely in a seorch or superficial congestion 
of the skin, without destruction of tissue; the part may for a time re- 
main red, painful and prone to ulceration. 

In the second degree the cuticle is raised from the cutis, and a bleb 
or blister results. When this bursts, and the cuticle is removed, the 
cutis vera, red and painful, is exposed below. 

In the third degree the cuticle is destroyed, as is also part of the cutis 
vera, but the tips of the interpapillary processes, including the ex- 
quisitely sensitive nerve terminals, are laid bare and left intact; conse- 
quently this is the most painful form of burn. The deeper structures 
of the skin, viz., the sweat and sebaceous glands, and the hair follicles, 
are not destroyed, so that although the surface during the healing process 
becomes covered with granulations, since there are so many surviving 
epithelial elements from which it can grow, the integument is very 
rapidly replaced. The cuticle is able to form, not only from the edge, as 
must occur whenever the whole of the cutaneous envelope is destroyed, 
but from innumerable foci scattered over the wound surface. The re- 
sulting sear, though often white and visible, undergoes no contraction ; 
it is supple and elastic from containing all the elements of the true skin. 
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In the fourth degree the whole thickness of the integument is destroyed 
as well as part of the subcutaneous tissues. In the fifth the muscles 
are also involved, whilst in the sixth the whole limb or other affected part 
is completely charred and disorganized. 

While this classification has been in use during the last one hundred 
years, yet it is a little too cumbersome and from a practical standpoint 
it is better to consider only three degrees: the first being an erythema, 
the second causing destruction of the epidermis with or without vesica- 
tion, the third degree causing destruction of the whole skin and possibly 
some or all of the deeper tissues. 

The treatment of burns is in reality a threefold problem. First, the 
saving of life; second, the local treatment of the burned areas; and third, 
the preservation of function of the parts involved. 

In every case of burns there is always some shock present and this 
must be dealt with before any form of local treatment is attempted. 


TREATMENT OF SHOCK 


This consists in the early administration of morphia in adequate doses. 
Men require % gr. and this should be repeated if pain is not relieved. 
Warmth and rest are just as essential as the relief of pain and can be 
easily given under most conditions. Shock cradles and electric blankets 
are most useful in warming up shocked patients. Fluids by mouth 
should be encouraged but in extensive burns this is not sufficient in itself 
to make up for the plasma lost from the surface of the burnt area and 
for that which accumulates in the tissues. By animal experiment it has 
been shown that this plasma loss is greatest in third-degree burns, 
and amounts to over 70 per cent of the total blood volume in eases in 
which one-sixth of the body surface has been burnt. 

The amount of plasma lost from the surface of the burnt area is quite 
small in comparison with the amount that accumulates in the tissues. 
This fluid imbalance is a shift of fluid rather than an external loss. The 
result of this fluid shift is a definite fall in blood pressure. Tissue 
fluids deficient in protein pass into the blood vessels in an attempt to 
maintain the volume of plasma in circulation ; this, however, results in a 
lowering of the concentration of protein in the plasma. There is also 
a high urinary output of nitrogen due to the destruction of protein. The 
plasma loss causes a very definite hemoconecentration and it has been 
quite common to find that the hemoglobin percentage is 120 to 140 in 
extensive burns in the Royal Navy. The introduction of citrated plasma 
and reconstituted serum has reduced the mortality of war burns very 
considerably. Dried serum can be carried on any warship and it can 
easily and readily be converted into fluid by the addition of the requisite 
amount of distilled water. The reconstituted serum may be of normal 
concentration, twice normal concentration or four times normal econ- 
centration (Fig. 1). 
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Any patient suffering from burns must have his hemoglobin estimated 
and if the percentage is above 100 then plasma should be given. Witts 
recommends the giving of plasma to any patient in whom the hemoglobin 
is 10 per cent above the probable previous value; if this was 100, the 
plasma loss can be calculated from the formula: 


H6 
5—x where x is the plasma lost in liters. 


Fig. 1.—Dried human serum. Each bottle contains the dried solids from 200 c.c. 
of human serum. Solution: To reconstitute add under sterile precautions nonpyogenic 
sterile distilled water: i.e., B.P. distilled water autoclaved immediately after distilla- 
tion. The levels for the different concentrations to which the bottle should be filled 
are indicated on the side of the label. Solution at four times normal concentration 
takes about sixty minutes, at normal concentration about ten minutes. With concen- 
trated solutions, the rate of transfusion should not exceed 50 c.c. in ten minutes. 
Blood Group: The serum is from Blood Group A, but experience has shown that it 
can be given to all blood groups with safety. (Preliminary typing is therefore not re- 
quired.) The serum must be given very shortly after reconstitution, in case infection 
has occurred during the reconstitution. The higher level on the side of the label indi- 
cates normal concentration. The middle level on the side of the label indicates twice 
normal concentration. The lower level on the side of the label indicates four times 
normal concentration. 


Plasma of the caleulated amount is given quickly and more is given 
later by slow continuous drips to make good the loss by exudation. 
Using the above formula Black has worked out the estimation of 


plasma volume reduction; this has proved of real value to those who 
have had to treat a large number of serious burn cases. 
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TABLE I 


HEMOGLOBIN Weeance ESTIMATED DEFICIT 
% (LITERS) (LITERS) IN PLASMA VOLUME 
HALDANE (C.C.) 
100 5.0 3. 
105 4.75 2.75 250 
110 4.55 2.55 450 
115 4.35 2.35 650 
120 4.15 2.15 850 
125 4.0 2.0 1,000 
130 3.85 1.85 1,150 
135 3.7 Lie 1,300 
140 3.55 1.55 1,450 
145 3.45 1.45 1,550 
150 3.35 1.35 1,650 


For those cases in which shock is severe intravenous adrenal cortical 
hormone (cortin) 2 ¢.c. should be given repeatedly, and oxygen admin- 
istered by a Boothby mask enables the patient to obtain this in the 
alveolar air. In cases which are complicated by ‘‘blast lung’’ this form 
of administering oxygen is most advantageous. In the Navy, where 
Boothby masks have been in use for all badly shocked burn eases, their 
value has been inestimable. 

First-Aid Treatment.—Not until antishock measures have been in- 
stituted should any local treatment be attempted. Preliminary cleansing 
is often impossible as a first-aid measure on board ship during action, 
or the inside of a tank or aircraft, therefore the use of one of the 
medicated jellies which are soothing in their application is indispensable. 
Gentian violet and merthiolate, amertan jelly, tannafax or tannax, all 
have their advocates, but my preference is the gentian violet preparation. 
The jelly should be liberally applied on two or three layers of gauze 
which are then placed over the burnt area and retained by a few turns 
of a bandage. This first-aid dressing can be left in situ until the patient 
reaches hospital, unless any areas are seen which have become moist and 
then they should be retanned with the jelly. Burns of the face, although 
the gentian violet preparation answers quite well, are probably better 
treated with cod-liver oil, which is not only an antiseptic but has a high 
vitamin content. If the eyes are burnt, drops of castor oil containing 
1 per cent cocaine should be instilled. 

In those cases in which associated injuries are present, such as a 
wound or a fracture, the gentian violet jelly should be applied to the 
wound as well as to the burn. If the extremities are involved and com- 
pound fractures are present, the limb should be put up in plaster of Paris 
after the wound and burnt areas have been liberally dressed with the 
gentian violet jelly. 

Hospital Treatment.—Some cases of burns will arrive in hospital after 
first-aid treatment has been carried out while others will be admitted 
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without any treatment having been given. Some Naval cases have ar- 
rived on board hospital ships having spent some time in the sea after 
having been burnt and have suffered little from shock or pain and after 
local treatment to the burnt areas have made excellent recoveries. The 
experience gained from a number of such cases has convinced many 
medical officers of the great value of saline dressings, especially in the 
treatment of burns of the face and hands, but it is essential that the 
saline dressings are kept moist. 


The local treatment of war burns demands the strictest aseptic precau- 
tions or sepsis will occur. The surgeon should wear a sterile gown, mask 
and gloves while dressing and inspecting burns. If possible, burn cases 
should be treated in a separate ward and, if circumstances permit, in 
separate cubicles divided from each other by glass or mica partitions. 
This is the ideal method of treating war burns, as the likelihood of mixed 
or cross infection is reduced to the absolute minimum. From an experi- 
ence of well over 1,000 cases of war burns I am convineed that infection 
is the commonest cause of the toxemia in burns, and that the commonest 
organism is the hemolytic streptococcus. This organism has been re- 
peatedly grown from blister fluid in the burnt areas in cases which arrive 
in hospital some hours after the injury. These observations fully con- 
firm the work of Aldrich in 1933, and it is for these reasons that the 
triple-dye method of treatment is given priority in the many methods of 
treatment of war burns. 


TRIPLE-DYE METHOD 


The patient should be anesthetised with gas and oxygen and all loose 
and blistered skin should be cut away and the wound area swabbed with 
warm saline solution. The burnt area is then dried with an electric hair 
drier and an aqueous solution of triple-dye (2 per cent gentian violet, 
1 per cent brilliant green, 0.1 per cent neutral acriflavine) is sprayed 
on the surface (Fig. 2). 


This is then dried and a second application applied, which in turn is 
dried (Fig. 3). Usually two applications are sufficient to produce a 
nice thin supple tan, which is quite adherent everywhere and no sepsis 
appears around the edges of the tan. In those eases in which sepsis is 
evident owing to inefficient cleansing and insufficient tanning, an anes- 
thetic should be given and the area retanned. It is not always necessary 
to remove the pre-existing tan. 


The dyed burnt areas are not covered with any dressings but the 
patient, with the exception of the head, is shrouded with a hot-air cradle. 
Each day the tan is inspected and any moist areas receive another ap- 
plication of the triple-dye. Usually by the end of ten days the tan be- 
comes quite loose and falls off, leaving a healed wound (Figs. 4 and 5). 
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If the burn has been extensive, and of the third degree, healing will not 
have taken place, but a large granulating area will be exposed after the 
tan is removed. This area should be treated with a saline dressing for 
a day and then skin grafted. There are still too many cases of burns 
which: are allowed to heal by granulation with its subsequent keloidal 
and fibrous tissue formation. On the backs of the hands and fingers in 


Fig. 2.—Application of triple-dye by means of a spray. 


Fig. 3.—Method of drying the triple-dye solution by means of an electric hair dryer. 
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Fig. 4.—Burn of face due to bomb-flash, a typical “blast’”’ injury. This patient suffered 
from “blast lung” as well. Photograph taken five hours after injury. 


Fig. 5.—Bomb-flash burn of face ten days after injury. Treated with triple-dye. Same 
case as shown in Fig. 4. 


é 
Be 
% 
3 3 


WAKELEY: TREATMENT OF WAR BURNS 215 


third-degree burns early skin grafting makes all the difference between 
success and failure. The question of the value of sulfanilamide in the 
treatment of burns is somewhat of a vexed one. I consider that it should 
be given by mouth for three days only and never used as a powder and 
dusted over the burnt area. While the sulfanilamide is being admin- 
istered the patient often vomits and cannot take the increased protein 
diet which is so essential to his recovery. It must also be remembered 
that fully two-thirds of the body sulfur must be replaced. The best 
method of sulfur replacement is by a liberal diet of eggs and these ecan- 
not be taken during the sulfanilamide treatment. 


Fig. 6.—Extensive burns of trunk and extremities treated with tannic acid. The 
tan can be seen on legs and abdomen. No dressings were used; the patient was nursed 
under a heated cradle. 


TANNIC ACID TREATMENT 


This treatment should not be given until shock has been combated. 
The actual cleansing of the burnt area is identical with that used before 
the triple-dye is applied. After cleansing with saline solution the area is 
dried and 1 or 2 per cent gentian violet is applied by swabs and dried 
by a current of hot air from an electric dryer. A solution of 5 per cent 
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tannic acid is then applied followed by a 10 per cent solution of silver 
nitrate (Fig. 6). A firm hard tan is quickly produced by this method 
and it is suitable for burns of the trunk but should never be used on the 
hands or face owing to the bad results that ensue (Fig. 7). Numerous 
eases which have occurred in the present war have produced ample evi- 
dence that under the unyielding tannic acid coagulum applied to the 
hand and fingers an edema develops to a degree which seriously em- 
barrasses the circulation in the fingers with the production of crippling 
deformities (Figs. 8 and 9). This is the result of the treatment and 
not of the burn. 


Fig. 7.—Third-degree burn of the hand treated with tannic acid. Note the attenuated 
fingers and fixed flexion. A result due to the unyielding tan. 


After the application of the tannic acid the whole affected area should 
be kept at rest and the limbs should be suspended or splinted. The 
patient is nursed in a tented bed containing heating elements and great 
eare should be taken to maintain a dry, unbroken surface. 

As a rule minor degrees of sepsis can be controlled by gentian violet 
sprayed on the affected areas after removal of the overlying crust, but if 
the entire surface becomes infected the tan must be removed by soaking 
with saline solution or in a saline bath. Retanning should never be under- 
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Fig. 8.—Third-degree burn of hand treated with tannic acid. Terminal necrosis of the 
fingers can be seen. 


Fig. 9.—Skiagram of hand depicted in Fig. 8, showing necrosis of the terminal 
phalanges. 
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taken. In third-degree burns of large area skin grafting must be per- 
formed if scarring is to be prevented. 


In the Royal Navy and in the Royal Air Force a large proportion 
of burns are limited to the hands and face as the clothing protects the 
rest of the body. It is very essential that full functional results should 
be obtained without scarring otherwise a considerable proportion of 
valuable personnel would be invalided from these Services. 


Burns of the Hands.—There ean be no doubt whatever that the best 
preliminary dressing for burns of the hands‘is a saline bath. The hands 
should be immersed in a bath twice a day and the patient encouraged to 
move his fingers in«the bath. A saline pack is applied after the bath 
and this is kept moist and allowed to fall off in the next saline bath. 
By such a process trauma is reduced to a minimum and there is no pain 
from changing the dressings. After three or four days of this treatment 
triple-dye is used and when this begins to loosen in ten or twelve days 
the burnt area will be found completely healed (Figs. 10 and 11). 


Saline packs however cannot be given as a first-aid dressing and so 
the majority of cases of burns of the hands have to be treated with a 
gentian violet jelly; excellent results have been obtained from this 
treatment. Many a time we have seen members of the trawler crew who 
have been bombed at sea and burnt either by bomb flash or sealded by a 
burst steam pipe in the engine room, arrive in port four days after the 
attack. The prompt use of gentian violet jelly and its repeated applica- 
tion has allowed these members of the crew to carry on with their work 
until they reach port. 


Burns of the third degree in which the whole thickness of the skin is 
destroyed, should be treated with saline baths if possible and then early 
skin grafting. Sepsis must be eliminated at all cost because of the 
contractures that are bound to follow. An excellent dressing for burnt 
hands is ‘‘tulle gras’’ or ‘‘jelonet’’ or ‘‘nonad tulle’’ all these are made 
of woven open-mesh gauze, saturated with petroleum jelly and balsam of 
Peru. These dressings are vitaminized and sterile and are packed in 
suitable tins. After soaking the hands in a saline bath for an hour the 
burnt area is covered with one of these sterile vitaminized dressings over 
which is placed some sterile gauze wrung out of normal saline solution. 
This saline gauze is replaced every two hours without in any way inter- 
fering with the underlying dressing. It is very important that the super- 
ficial saline dressing should not become dry, and that the dressing should 
not stick. The hands are placed on wire splints in a position of rest with 
slight dorsiflexion of the wrist and slight flexion of the fingers. Two or 
three saline baths are given each day and the dressings are allowed to 
float off in the bath thus causing no pain to the patient or trauma to the 
healing wound. 
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Fig. 10.—Mixed burn of the hand of an airman. Photograph taken just prior to treat- 
ment with triple-dye. 


Fig. 11.—Mixed burn of hand treated with triple-dye. Three weeks after injury. Same 
case as shown in Fig. 10. 
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If the burn has destroyed the whole thickness of the skin, then skin 
grafting should be’undertaken without delay ; otherwise contractures and 
searring will result. 

After healing has taken place it is very important that the newly 
formed skin should be adequately nourished and to this end some lano- 
line is rubbed into the area every night. This natural wool fat has a 
wonderful effect on the skin ; it causes it to become thicker and more sup- 
ple and increases its blood supply. It is a pity that the aftertreatment of 
burns has been so neglected in this respect. The inunction of lanoline 
should be continued for fully three months after the healing of the 
burnt area if good results are to be obtained. 


Fig. 12.—Mixed burn of face treated with triple-dye. 


Burns of the Face.—In burns of the face there can be no doubt that 
saline dressings are the best form of treatment if the patient can be trans- 
Terred to hospital immediately after the injury. However this is rarely 
possible in the Services and therefore some first-aid treatment must be 
given. Gentian violet jelly has given, excellent results in the Royal Navy 
as also has cod-liver oil which is antiseptic and has a high vitamin con- 
tent. Tannic acid should not be used on the face as the burn cannot be 
watched sufficiently and early skin grafting may be delayed. (Figs. 12 
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and 13.) In several third-degree cases seen earlier in the war corneal 
ulceration and perforation of the globe were seen owing to sepsis oc- 
curring under the tan. The elimination of sepsis is of prime importance 
and early skin grafting is essential when the whole thickness of the skin 
is destroyed. 

THE ENVELOPE METHOD OF TREATING BURNS 


This method which was devised by Surgeon Lieut. Commander 
Bunyan R.N.V.R., and has been employed in many hospitals has certain 
advantages, the greatest being the painlessness of its application. 


Fig. 13.—Mixed burn of face treated with triple-dye, fifteen days after the injury. 
Same case as shown in Fig. 12. 

The treatment consists of a primary irrigation of the burnt area with 
a 10 per cent solution of electrolytic hypochlorite at 100° F. This ir- 
rigation is performed under anesthesia in an operating theater and it 
should be very thorough. The irrigation removes all surface contamina- 
tion, much of the charred tissue, and all the exudates and at the same 
time kills the majority of the bacteria that may be present. 

Specially coated silk envelopes are then put on the burnt area or 
limb. The envelopes are made of fine pure silk cloth coated with 
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synthetic resins which are unaffected by hypochlorites or boiling, and 
render the silk watertight. 

After the envelope has been applied irrigation with hypochlorites is 
given twice or three times a day (Figs. 14 and 15). Between irrigations 
the wound is left undisturbed. This method has some definite advantages 
in the treatment of war burns. They are: 

1. It can be easily and quickly applied. 

2. The treatment is painless, there are no dressings, and the patients 
do not lose confidence or become’ depressed. 


Fig. 14.—Burn of forearm and hand treated by means of Bunyan’s envelope. Hypo- 
chlorites are run in from the jars above. 


3. Rapid epithelialization takes place and can be seen through the 
envelope. Skin grafting can be performed at any time after irrigation 
with saline solution instead of hypochlorites. 

4. The envelope allows of free movement of the limb without the 
fear of pain. 

5. In the difficult cases where fractures exist as well as burns, this 
method appears to offer a solution. Treatment of ordinary compound 
fractures has proved successful. 

Extensive War Burns.—A proportion of war burns involves a large 
area of the trunk and extremities. Such burns if they can be treated im- 
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mediately in hospital should be given a continuous constant temperature 
saline bath. The whole body is immersed in a bath filled with 0.9 per 
cent saline solution. The temperature of the water is controlled by a 
thermostat. The patient is left in the bath for an hour and then eare- 
fully removed to a heated, tented bed and the burnt areas are covered 
with a layer of tulle gras over which is placed some warm wet saline 


Fig. 15.—Extensive burn of leg treated by irrigation inside a Bunyan envelope. 


gauze rolls. The gauze should be frequently moistened with saline solu- 
tion so that the dressing never becomes dry. Quite a number of the civil 
and service hospitals have installed these continuous saline baths because 
they have proved of real importance in the treatment of extensive 
burns, especially those in which the whole thickness of the skin is in- 
volved. When the burnt area becomes covered with granulation tissue, 
then the baths can be discontinued and skin grafting carried out. 
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Electrical Burns.—These are not uncommon in wartime and they are 
due to broken cables, short circuits and the like, resulting from gun- 
fire or bombing attacks. While a certain number of this variety of burn 
prove fatal yet a large number recover if the initial shock is treated 
adequately. The appearance and size of electric burns will vary with 
the shape of the object carrying the electricity, but usually they are 
circular or elliptical areas (Fig. 16). The color of the burnt areas is 
grayish white, with a slightly raised periphery, a depressed center, and 
no surrounding area of hyperemia. They look glossy, feel smooth like 
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Fig. 16.—Large electrical burn of the anterior surface of the elbow. This was excised 
and skin grafted. 


parchment and when on the fingers, result in the complete obliteration 
of the papillary lines over the area they occupy. By far the best treat- 
ment for these electrical burns is excision and full thickness skin graft- 
ing. Small electric burns require nothing more than the application 
of some gentian violet jelly. 


BURNS DUE TO CHEMICAL WARFARE 


1. Mustard-gas burns are very insidious and take a long time to heal 
so causing a long incapacity on the part of the patient. During the 
last war mustard gas was the most effective chemical agent used and it 
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Fig. 17.—Phosphorus burn of face. Appearance on admission to hospital. 


Fig. 18.—Phosphorus burn of face, a lige after injury. Same case as shown in 
Fig. 17. 
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was a great casualty producer. It may be that in this war this gas will 
be used in the form of a spray from low-flying aircraft. Mustard gas 
in the pure state is a clear oily fluid with a slight mustard-like odor. 
It has great powers of penetration and will soak through clothes and 
boots, and cause a burn. On the skin the liquid mustard gas is not im- 
mediately painful and during the interim period before pain is caused 
the liquid penetrates the tissues rapidly, yet it may be some hours before 
an actual burn is seen clinically and marked itching ensues. There is 


Fig. 19.—Phosphorus burn of face, three weeks after injury, showing complete heal- 
ing. Same case as shown in Figs. 17 and 18. 


no absorption of the liquid gas into the general circulation and primary 
shock is absent. During the first twenty-four hours a large blister forms 
at the periphery of the burn, and if not incised will burst of its own ac- 
cord. In the absence of sepsis there is little constitutional disturbance, 
but if sepsis does occur it may be very severe. Treatment of course de- 
mands the complete decontamination of the patient, including the burn. 
The clothing must be removed and the whole body should be washed 
thoroughly with bleaching powder solution (60 gr. toa pint). The burn 
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area is then dried and treated with gentian violet jelly or triple-dye. 
Healing is slow and sometimes as long as six or eight weeks elapse before 
sound healing has occurred. 


2. Liquid lewisite burns may oceur as separate entities or they may 
result from a mixture of mustard gas and lewisite. Lewisite is a heavy 
oil which is both a lung irritant and a vesicant. Penetration of the skin 
by lewisite is much more rapid than that of mustard gas. Erythema 
of the skin after a lewisite burn appears within thirty minutes and 
vesication is developed within twelve hours. The lewisite blister is more 
sharply defined than that caused by mustard gas, and contains an opaque 
fluid in contradistinction to the clear limpid fluid found in the mustard 


Fig... 21. 


Fig. 20.—Crude nitric acid burn of face. Two days after injury. 
Fig. 21.—Crude nitric acid burn of face three weeks after injury. Same case as 


shown in Fig. 20. 

gas blister. Treatment consists in complete decontamination as with 
mustard gas, and a hot bath. Hydrogen peroxide should be applied to 
the burn area followed by triple-dye. 

3. Phosphorus Burns.—A small number of such burns have been 
treated in the present war; they result from the backflash of incendiary 
bombs containing phosphorus. Some are extensive; whereas, others are 
small and due to the presence of a fragment of shell containing this sub- 
stanee (Figs. 17, 18, 19). Such small burns are liable to become deeper 
as the phosphorus continues its thermal action on the tissues. As a 
first-aid treatment a solution of 2 per cent copper sulfate should be 
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,Fig. 22.—Burn of hand six months after injury, showing attenuated skin with en- 
i gorged blood vessels. Skin grafting should have been performed in this case. 


Fig. 23.—Keloidal scars of hands and fingers, Photograph taken six months after a 
mixed burn of the hand. Early skin grafting would have prevented this deformity. 
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applied; this combines with the phosphorus and produces an inert 
chemical substance, so preventing any further damage. After the copper 
sulfate solution has been cleaned off with gauze some triple-dye is 
sprayed on the burnt area. 


Fig. 24.—Keloidal scarring of arm and forearm eight months after an extensive 
second-degree burn. The immediate result was excellent. X-ray therapy considerably 
improved the condition. 


4. Crude Acid and Alkali Burns.—A fair proportion of burns due to 
strong acids or alkalies have been caused because of the repeated bomb- 
ing of factories in this war. In a series of cases seen by me the patients 
were treated by immersion in running water followed by the application 
of triple-dye (Figs. 20 and 21). In almost every case it is the hands 
and face that are burnt because the clothing itself is protective. 
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5. Phosgene Burns.—These are quite superficial and cause an 
erythema or brown staining, but are quite insignificant in comparison 
to the rapidly fatal syncope produced by this gas. 

The odor of phosgene is quite characteristic and resembles that of new- 
mown hay; and when recognized a gas mask should be put on at once 
and the recumbent position immediately adopted. The burn itself should 


Fig. 25.—Antiflash outfit including gas mask. 


be treated with sodium bicarbonate solution (Sii ad Q) and then dried 
after which gentian violet jelly can be applied. 

Final Assessment of War Burns.—It is a great pity that a ‘‘follow 
up’’ of all burn cases has not been instituted in civil hospitals as is the 
case in the Royal Navy. It is most important to follow up patients suf- 
fering from war burns, because the medical officer may be very pleased 
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with the result of his treatment when the patient is discharged from 
hospital and yet in six months’ time the newly formed skin may have be- 
come keloidal and contractures may have taken place (Figs. 22, 23, 24). 


Fig. 26.—Antiflash outfit for facial protection; the goggles and mask are held in place 
by elastic bands. 


Fig. 27.—Antiflash protection outfit, side view. 


Further, the patient may be able to do his full work during the warm 
summer months, but in the cold of the winter the thin skin of the backs 
of the hands or the ears may crack and fissure and chilblains may form 
thereon, necessitating treatment and even invaliding from one of the 
fighting forces. This is a serious and significant point as men of the 
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fighting services may have to go into cold climates, and in the Navy be 
exposed to bitter winds and rapid changes of temperature. 

Protection Against Burns.—In the Royal Navy and in the Royal Air 
Force the vast majority of war burns involve the face and hands. In 
the Royal Navy this important fact has been appreciated since the battle 
of Jutland in 1916. At the present time an antiflash clothing for the 
head and hands is now served out to every fighting ship for the use 
of officers and men who are exposed to gun-flash or bomb-flash, and has 
resulted in a marked reduction in the number of burns. This outfit 
(Figs. 25, 26, 27) can be used in conjunction with a gas mask and is 
simple and easy in its application and does not impede the usefulness of 
the men at action stations. 


It is a pleasure to record my indebtedness to Surgeon Vice-Admiral Sir Percival 
Nicholls, Medical Director General of the Navy, who has given me every facility to see 
and treat all varieties of burns during the present conflict. 
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SHOCK IN PERFORATED PEPTIC ULCER 


A Survey BASED on SOME 335 CasEs From tHE Four SurGicaL 
DIVISIONS OF BELLEVUE HospitaL From 1929 ro 1938 


LAMAR Soutter, M.D., Boston, Mass. 


T IS often hinted and sometimes said that the patient with a perforated 
ulcer appears to be in shock.’* This, however, conflicts with the theo- 
ries presented in certain textbooks and those of some authors who have 
given attention to the problem.*® In reviewing cases over a ten-year 
period in a large general hospital, an attempt has been made to present 
statistical evidence of the degree of shock found, the factors responsible 
for it, and its importance diagnostically, therapeutically, and prog- 
nostically. 


MATERIAL USED 


An effort was made to include all cases, regardless of duration of per- 
foration or subsequent treatment, provided that in each instance the 
diagnosis was established by operation or autopsy. Clinical observations 
and temperature and pulse and blood pressure recordings used here are 
those taken at the time of physical examination in order to precede 
medication or intravenous therapy. Although the temperature and pulse 
levels were noted in all but 2 of the cases, blood pressure recordings in 
55 were either omitted or were taker subsequent to some form of treat- 
ment. Of these 55, however, only 3 presented one or more signs of shock. 
The size of the perforation was given in exact measurements in 279 cases, 
those recorded in inches being changed to equivalent metric figures for 
this paper. These figures are based on estimates made by the operators. 
Amount of fluid in the peritoneal cavity was noted by some observers as 
large, moderate, or small. Others gave an estimate in round numbers. 
Obviously these calculations are vague and inaccurate. They have been 
divided very arbitrarily into three groups, less than 800 ¢.c. being called 
a small amount of fluid, between 800 and 3,000 ¢.c. being termed mod- 
erate, and anything above this, large. In 61 patients the amount was 
not stated. In only a few was the presence of food particles noted or the 
time relationship between eating and rupture. 


INCIDENCE OF SHOCK 


Shock, a word simple enough to define as a form of circulatory col- 
lapse marked by lowered blood pressure; weak, rapid pulse; subnormal 
temperature; pallor, sweating, and coldness of the skin existed with 
every sign present in very rare cases in this series. Altogether, 56 
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patients, or 16.7 per cent, had subnormal temperatures; 129, or 38.5 per 
cent, had pulse rates above 100; 39, or 11.6 per cent, had systolic blood 
pressures of 100 or less; 22 were stated as being in shock regardless of 
accompanying signs; and 56 were noted to be sweating, cold, or pale, 
or to have a combination of these three. There were but 20 cases, or 
roughly 6 per cent, that combined a systolic tension of 100 or less, with 
either a rapid pulse rate (above 100) or a subnormal temperature or 
pallor, ete., or several of these. These 20 patients are the only ones who 
come near to the definition of shock, so they have been considered sepa- 
rately from the rest in an attempt to correlate their signs with perfora- 
tion or other causative factors. There were but 3 of the 20 who pre- 
sented the classical picture of shock as defined above without a sign 
missing. One of them suffered from hemorrhage; another was syphilitic 
with a very poor cardiac reserve; and the last one had had perforation 
three days before entry and showed frank peritonitis at operation. Four 
more individuals had no other etiologic factor than perforation upon 
which their signs .»uld be blamed. They did not present a very con- 
vineing picture, however, for their blood pressures were above 90, their 
pulse rates between 78 and 108, and their temperatures ranged from 
97.8 to 100.8°. Only 1 was listed by an observer as being in shock and 
one other was said to be cool and sweating. They did not approach the 
classical picture. Of the 13 remaining, 1 was quite drunk, 9 had full- 
blown signs of peritonitis, 2 were suspicious of peritonitis, and another 
was anemic from blood loss. All of these 13 and the 3 profoundly 
shocked patients died. It becomes apparent from these figures not only 
that true shock is rare in perforated peptic ulcer, but that in the pres- 
ence of some signs of it there is probably an additional causative factor 
to be suspected. Peritonitis is the chief of these, being present in 12 
patients out of this group of 20. 


RELATIONSHIP OF SHOCK TO TIME 


The duration of symptoms among these patients is extremely variable. 
In some the onset of rupture was but twenty minutes before examina- 
tion ; in others it was several weeks. The largest number was seen with- 
in the first six hours, but no less than 68 did not even arrive at the hos- 
pital until a day or more had elapsed. Although the signs of shock are 
infrequent, it is of some interest to attempt to find their relationship 
to duration of peritoneal insult, to the amount of fluid, and to the size 
of the uleer. As Thompson* has pointed out, 69 per cent of perforations 
lie anteriorly; in other words, where the fluid is most free to escape 
into the general peritoneal cavity. Such being the case, will a patient 
with an early perforation be more apt to show signs of circulatory col- 
lapse following sudden insult, or will the signs be more likely to follow 
a prolonged fiow and spreading infection? In this series some 16 patients 
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perforated while on the ward. Observations were recorded within two 
hours on 11 and within three hours on 15. Nine had blood pressure 
recordings taken subsequent to perforation and prior to treatment. Of 
these only 1 had a systolic pressure below 100 and he had been hemor- 
rhaging severely. Six patients were described as being in shock, but 
3 of them had pulse rates of 90 or less, and another had had a rise in 
systolic blood pressure from 104 on admission to 120 after perforation. 
It is unfortunate that the records for this group are so incomplete. 
Only 3 patients, however, showed any signs of shock, and the signs were 
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Fig. 1.—Temperature, pulse, and respiration of each patient at the time first observed 
after perforation are represented by dots in this graph. 
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slight in the 2 with complete observations. Although inconclusive, 
studies on these 16 cases do not lend support to the theory that cir- 
culatory collapse always appears immediately after perforation. To 
illustrate more fully the effect of time on circulatory collapse, the tem- 
peratures and pulse and blood pressures of all cases are plotted in Fig. 1 
in an effort to give a picture of what is to be found from hour to hour 
after perforation. There are obviously more high temperatures in the 
cases of twenty-four or more hours’ duration, but subnormal tempera- 
tures can be found at any time’and there are some high temperatures 
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Fig. 2.—In this graph the earliest observed temperatures, pulses, and respirations of 
the twenty cases in mild or severe shock are represented by dots. 
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within the first two hours. High pulse rates are to be seen at both 
ends of the scale, with more elevated ones late in the disease, yet plenty 
of normal ones occur one or two days after onset. There are more sub- 
normal systolic pressures after twenty-four hours proportionately, but 
there are also numerous normal readings and plenty of low pressures in 
the first six hours. In Fig. 2 the pulse, temperature, and blood pressure 
recordings of the 20 cases in mild or severe shock are plotted to show 
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Fig. 3.—In this graph the earliest observed temperature, pulse, and respiration find- 
ings are correlated with the amount of fluid found in the peritoneal cavity. 
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their duration of symptoms. One case was omitted because of the un- 
certain time of onset. There are obviously more late than early cases 
here, 10 of them being over twenty-four hours, but enough early cases 
(Fig. 1) so that one cannot say that there is any definite period in which 
signs of shock are more apt to be found, nor that there is a very marked 
preponderance of late cases over early, or vice versa. 
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Fig. 4.—In this graph the earliest temperature, pulse, and respiration findings of 
the group of cases in mild or severe shock are correlated with their peritoneal fluid 
content. 
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RELATIONSHIP OF SHOCK TO AMOUNT OF FLUID AND SIZE OF ULCER 


The corelation between amount of fluid in the peritoneal cavity and 
signs of shock is plotted in a similar manner in Fig. 3, but the effects of 
time, infection, and intercurrent disease have been eliminated, and only 
uncomplicated cases examined within the first twelve hours of the disease 


Size of Perforation in Centimeters 


1 CM v2 CM. 


Temperoture 


Size of Perforation in Centimeters 


CM. 


Size of Perforation in Centimeters 


CM. 


° 
= 


Blood Pressure 


Groprs 
Fig. 5.—In this graph the earliest temperature, pulse, and respiration observations are 
correlated with the size of perforation in centimeters. 
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are included. Again, with the single exception of a few more lower 
blood pressures in the group with exudates over 3,000 c.c., there are no 
significant differences between the groups, and there seems to be no rela- 
tionship between the amount of peritoneal contents and shock. In Fig. 
4 those cases in the group of 20 in mild or severe shock in which the 
amount of peritoneal content was noted are plotted regardless of time, 
bleeding, or signs of infection. Here there is a definite preponderance of 
cases with large exudates, but, as one-fifth of these patients had small 
exudates, it is difficult to say that any real emphasis can be laid on the 
point. Fig. 5 correlates the size of the uleer with signs of shock. In this 
figure, as in Fig. 3, the cases used were in their first twelve hours and 
were without intercurrent disease. This heart is made separately from 
the fluid one, due to the fact that some large ulcers exist with small 
exudates, and vice versa. Here, again, the findings do not point to in- 
creased signs of shock in either the large or the small ulcers. 


DIAGNOSIS, THERAPY, AND PROGNOSIS 


The signs of shock in perforated ulcer are so infrequent as to be of 
little value diagnostically. However, because of their association with 
complicating factors, such as infection, hemorrhage, ete., and their rela- 
tively rare existence without a complicating factor (only 20 per cent of 
the group of shocked cases listed above were without one) when some or 
all signs of shock are present, peritonitis should be suspected in the late 
cases and hemorrhage, cardiac failure, and early peritonitis in the early 
ones. Treatment of the signs of shock in most instances rests on the 
treatment of the complicating factor, independent of the perforation. 
Treatment of the latter alone cannot be expected to dispose of them. 
In the ordinary case of perforated ulcer without dehydration, operation 
need not be delayed for administration of fluids, both because time is a 
vital factor and because the circulatory system ordinarily is not so 
affected by the disease as to require preoperative administration. 
Prognostically, the signs of shock are of some significance. The mor- 
tality in the 20 cases of mild and severe shock was 85 per cent. Among 
the 4 cases in which the responsibility for their condition could be laid 
at the door of the perforation alone, it was 25 per cent. In the 3 cases 
of full-blown circulatory collapse, it was 100 per cent. Of even more 
significance is the effect of these sighs in the group of cases of twenty- 
four hours or more duration. Sixty-eight patients out of the whole 
series of 335 entered twenty-four hours after the onset of symptoms. 
They had a mortality of 43, or about 63 per cent. Omitting the 10 cases 
showing mild or severe signs of shock, the mortality for the remaining 
58 was 57 per cent, while for the shocked ones it was 100 per cent. 


SUMMARY 


In conclusion, out of a series of 335 cases, there was profound shock in 
but 3, and mild signs in 17 more, a total of 6 per cent, as compared with 
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Fallis’ figures of 26 per cent.° These signs were found to occur at any 
time during the disease, neither preponderantly early nor late. They 
were not dependent upon the size of the perforation or the amount of 
fluid. If they were present, a cause other than perforation was found in 
four-fifths of the cases, particularly in the late ones in which it was peri- 
tonitis. The treatment was for shock as well as for the underlying 
disease and the outlook was grave, particularly in the late cases in which 
signs of shock were synonymous with infection and a consistent prelude 
to death. 


I wish to express especial thanks to Dr. J. A. McCreery, Dr. G. S. Dudley, Dr. A. M. 
Wright and Dr. C. G. Burdick for the use of their records for this paper. 
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SUBMUCOUS LIPOMAS OF THE STOMACH 


MervIN J. RuMouD, M.D., Kansas City, Kan. 
(From the University of Kansas Hospitals) 


UBMUCOUS lipoma is the most uncommon of the benign tumors of 
the stomach. Less than 1 per cent of all tumors of the stomach are 
benign and only about 3 per cent of the benign tumors are lipomas. 
These tumors are frequently confused clinically and radiographically 
with malignant and inflammatory lesions. Because of their size, position, 
and complications, gastric function may be so disturbed that surgical re- 
moval becomes imperative. When these tumors are pedunculated, they 
may prolapse into the pylorus and produce the symptoms of pyloric ob- 
struction and later the tumor may fall back into the stomach, producing 
a quiescent period free from symptoms. Gastric lipomas may be pres- 
ent without ever having produced symptoms and may be found only at 
autopsy. 

One of the most common and significant symptoms of all benign tu- 
mors of the stomach is anemia and weakness due to recurring hemor- 
rhage as a result of ulceration or erosion of a portion of the tumor. 

Loss of weight, emaciation, epigastric pains, anorexia, nausea, vomit- 
ing, hematemesis and melena are all suggestive symptoms but are by no 
means diagnostic. 

The roentgenologic findings are fairly characteristic, and, according 
to Moore,’ benign tumors present certain roentgenologic signs which dif- 
ferentiate them from malignant or inflammatory lesions. He says: 

‘“Tf these signs are not characteristic, they are at least suggestive: 

“1. They produce a filling defect that is circumscribed and punched- 
out in appearance. 

**2. The filling defect is usually on the gastrie walls, leaving the curva- 
ture regular and pliant. 

**3. While the rugae are obliterated in the immediate area of the tu- 
mor, just as in inflammatory and malignant lesions, the rugae surround- 
ing a benign tumor are more nearly normal in their arrangement and 
distribution. 

‘*4. They cause little or no disturbance in peristalsis, and retention is 
uncommon except when the lesion is at, or very near, the pylorus. 

“<5. They do not reveal a niche, nor is there any incisura or other evi- 
dence of spasm. 

‘6. They are rarely sufficiently large to be palpated. 

‘*Probably the most essential feature in the examination is the close 
and complete approximation of the walls of the barium-filled stomach. . . 
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‘Differentiation roentgenologically, of benign tumors and other gas- 
tric lesions can seldom be absolute, but in many instances the roent- 
genologic signs warrant an attempt at such a distinction.’’ 


Lipoma of the stomach originates either from the submucous or sub- 
serous portion of the wall. The tumor may vary in size from a pea to 
the size of an orange. It may project into the lumen of the stomach or 
may project outward, producing very little deformity of the inner con- 
tour of the stomach. The position of this tumor is quite variable, but 
frequently it occurs near the pyloric ring producing obstructive symp- 
toms. One side of the tumor may be covered with mucosa which may 
show some ulcerations and erosion. It is this latter complication which 
usually produces the symptoms which bring the patient to the physician. 
Grossly and microscopically the tissue of the lipoma has a soft, greasy 
characteristic lobulated appearance not unlike lipomas found elsewhere 
in the body. 


The pathogenesis of benign tumors has been ascribed to several fac- 
tors. Some authors suggest that these tumors are congenital in origin, 
arising from some anlage separated during early fetal life. This theory 
would explain the familial tendency that is sometimes observed as in my 
case report. Others maintain that chronic irritation, either chemical or 
physical, gives rise to low-grade inflammatory disorders of the stomach 
wall. However, against this theory, microscopic examination reveals 
tumors arising from normal gastric mucosa. Chronic gastritis is often 
seen with no evidence of microscopic metaplasia. 


Minnes and Geschicter? conclude that ‘‘although chronic irritation 
and chronic inflammation may be contributing factors in the production 
of gastric tumors, they are by no means essentially eitological agents.’’ 


Since 1835 we have been able to find thirty-five cases of submucous 
lipomas of the stomach reported. An additional case is here recorded. 
(Table I.) 

CASE REPORT 


S. W., white female, 47 years of age, entered the hospital Oct. 8, 1939, com- 
plaining of ‘‘ptomaine poisoning.’’ ‘Two days before admission to the hospital 
she had eaten some corned beef and later in the evening went for an automobile 
ride. After riding about an hour she suddenly experienced a ‘‘ sinking feeling’’ and 
then vomited a small amount of blood. As she returned home and as she was getting 
out of the car she again vomited and in the vomitus was about one-half pint of 
blood. The following morning her stools were coal black and tarry. She grew much 
weaker and was sent to the hospital for further study. 

The patient’s past history was essentially negative for indigestion and hematemesis 
or black stools. She stated, however, that four years before she had become sud- 
denly weak and quite anemic and had been given a tonic containing iron with 
improvement of her symptoms. Her habits have been very moderate. She has had 
no other illnesses. 

Her family history is essentially negative except that she has a brother, sister, 
and two nephews who have had lipomas removed from their extremities. 
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TABLE I 


TABULATION OF GASTRIC LIPOMAS REPORTED IN THE LITERATURE 


cm. 


CLINICAL 

CASE | YEAR| AUTHOR SEX AGE | DISCOVERY SIZE 

1. | 1835- |Cruveilhier Autopsy |Almond 

1842 

2. | 1863 | Virchow M Autopsy | Hazelnut 

3. | 1889 |Murray 64 Autopsy 

4. | 1893 |Tilger High | Autopsy | Hazelnut 

age 

5. | 1893 | Tilger High | Autopsy | Hazelnut 

age 

6. | 1905 | Bénaky M 65 Autopsy /6 by 3, 5 by 

2 cm. 

7. | 1905 | Fischer F 37 Resection | Walnut Pains in umbili- 
eal region; gas- 
tric juice nor- 
mal 

8. | 1906 | Hellstrom M 77 Autopsy | Hazelnut Free from symp- 
toms 

9. | 1911 | Westen- Autopsy 

hoeffer 
10. | 1912 | Randisi M 65 Resection |Triangular |Epigastrice pains, 
prismatic vomiting, ema- 
tumor ciation, 28 mo. 
duration. 

11, | 1922 |Verger and| F 58 | Autopsy Hazelnut Anorexia, nau- 

Massias sea, diarrhea, 
emaciation, 
cachexia 

12. |1924 |Nahmmacher| F 65 Autopsy [8 by 3, 5 by 

3 cm. 

13. | 1925 |Eliason and}; M 52 | Autopsy {Solitary 

Wright tumor in 
fundus 

14. | 1926 | Bianchi 57 | Autopsy Vomiting for 12 
mo. 

15. | 1926 |Spitzmuller | M 69 | Resection |Tangerine |Palpable tumor, 
blood in stools, 
vomiting, pain 

after meals 

16. | 1928 | Weicker M 60 | Resection |Small apple|Pains after 
meals, some- 
times vomiting, 
achylia, x-ray 
defect, fatigue, 
emaciation 

17. | 1929 |White and | F 59 =| Resection |5.5 by 3 Attacks of fa- 

Judd 5 by 2.3 tigue, x-ray de- 
em. fect, hemor- 
rhage, tarry 
motions 

18, | 1930 |Neumann F 62 Resection |15 by 4 Mild eructations, 
x-ray reveals 
tumor in pars 
cardiaca 

19. | 1931 |Comfort M 67 Autopsy |9.5 by 4.5 


3 
a 
PN 
| 
~ 
- 
J 


RUMOLD: SUBMUCOUS LIPOMAS OF STOMACH 245 
TABLE 
CASE| YEAR| AUTHOR | SEX | AGE | DISCOVERY SIZE 
FEATURES 
20. | 1931 | Comfort F 65 Autopsy mm. di- 
ameter 
21. | 1931 | Comfort M 74 Autopsy |1 by 2 by 
: 3.5 em. 
22. | 1933 |Mandl and | M 43 | Excision | Pedicled Uleer history 
Vogl tumor, 
larger than 
a nut 
23. | 1933 | Pansdorf F 65 Resection | Broad- Weber’s test 
and Deter-| ° based; 1 | positive in 
mann em. in di- | feces; roentgen, 
ameter benign tumor 
24. | 1934 | Melchior M 57 Resection |Oscillating |Weber’s test 
tumor, size} positive; symp- 
of cherry | toms simulating 
cholecystitis 
25, | 1934 |Santy F 40 | Resection |Tangerine |Anemia, pains 
after food, 
vomiting, 
Weber’s test in 
feces positive 
26. | 1935 |Glass M 30 Resection |Broadbased |Epigastric pain, 
tumor, size} black stool, 
of fist Weber’s test 
positive in 
feces 
27. | 1935 |Kirschbaun F 75 | Autopsy 
28. | 1935 | Troisier Autopsy |10 tumors, | Anemia profuse 
largest size} hemorrhage 
almond 
29, | 1936 | Kantorovi- F 29 Resection |Size of kid-| Nausea and 
tch ney vomiting, 
roentgen ray 
showed benign 
tumor 
30. | 1937 | Métivet M 69 Resection |20 em. | Blood in stools, 
diameter roentgen ray 
showed probably 
benign tumor 
31, | 1938 | Redell F 33 Resection |167 Gm., Black stools, Hb. 
twice the 31 per cent, 
size of Weber’s test in 
hen’s egg | feces positive 
32. | 1938 |Garre, M 50 Resection |9 by 4 em. | Eructations, 
Garelik, abundant hema- 
and Ciarlo temesis 
33. | 1940 | Rumold F 47 Resection |7.5 by 5.5 |Eructations, nau- 
by 5 ecm. sea, vomiting, 
blood in stools, 
anemia 


On physical examination the patient was a well-developed, white, rather anemic 


appearing, female weighing about 150 pounds. Her hair was entirely white. 


She 


had no discomfort. Examinations of the head and chest were essentially negative. 
The blood pressure was 130 systolic and 70 diastolic. Pulse rate was 84 per minute 


and was regular, 


Ex: mination of the abdomen revealed a tenderness in the mid- 


epigastrium, but no definite mass could be palpated. Extremities were normal, Re- 
flexes were within normal limits. 
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Laboratory examination revealed a red blood cell count of 3,200,000 with a 51 
per cent hemoglobin. The white cell count was 6,000 with 63 per cent polymorphonu- 
clear leucocytes. The blood nonprotein nitrogen was 27.4 mg. per cent; creatinine, 
1.3 mg. per cent; sugar, 84 mg. per cent; and chloride, 530 mg. per cent. Wasser- 
mann and Kahn tests and urinalysis were negative. The stool examination showed 
occult blood. There was no free hydrochloric acid in the stomach. 


Roentgenologic examination of the stomach was reported as follows: 


‘The stomach is of average size. In the body of the stomach approximately 
halfway between the pylorus and esophageal orifice we see a circular filling defect 
measuring approximately 2.5 inches in diameter [Fig. 1]. By manipulation we can 
determine that this arises from the posterior wall of the stomach. A mass cannot 


Fig. 1.—Roentgenogram showing a defect at _ site of the lipoma in the barium-filled 
stomach. 


be felt here because the area is not accessible to palpation. Subsequent injection 
of thick barium to visualize mucosal detail shows a wiping out of detail of the 
mucosal shadows particularly in the medial portion of this filling defect. We are 
unable to move the filling defect about; it constantly maintains its position. In 
conclusion there is a soft tissue mass in the body of the stomach arising from the 
posterior wall producing a smooth filling defect. While it is conceivable that this 
may be a benign polyp because of its smooth outline, we must consider it malignant 
until proved otherwise. 

‘*Re-examination of the stomach twenty-four hours later shows the peculiar large 
filling defect in the body of the stomach as previously described. Its position has 
not changed. ’’ 
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The clinical diagnosis was a gastric polyp showing probably beginning malig- 
nancy since ulceration and hemorrhage were present. 

Before operation the patient was given three blood transfusions of 500 ¢.c. of 
citrated blood each, bringing her hemoglobin up to 84 per cent. 


Your days after admission into the hospital the patient’s abdomen was explored. 
Cyclopropane and spinal anesthesia were used. Attached to the posterior wall of the 
stomach was a soft tumor mass measuring about 6 em. in diameter which projected 
into the lumen of the stomach. There were no masses in the liver and gastrohepatic 
lymph glands were not enlarged. A sleeve type of resection was done which included 
the tumor mass. (Fig. 2.) 


The patient’s postoperative course was uneventful. She was dismissed on the 
twenty-first postoperative day free of symptoms. 


INCHES T 


Fig. 2.—Gross appearance of the lipoma showing ulceration. 


The pathologist’s report was as follows: 


‘*The specimen consists of a portion of the stomach which has been removed by 
sleeve resection and measures 5 em. in width and 4.5 cm. in diameter, The entire 
specimen weighs 110 grams. Arising from the region of the submucosa there is a 
pedunculated growth which projects into the lumen of the stomach and measures 
7.5 by 5.5 em. The wall of the stomach is not thickened and the mucosa shows the 
normal pattern of the rugae except over the pedunculated growth. Here it becomes 
flattened out and atrophic in appearance. In one area there is a craterlike ulcer 
which measures 1.5 by 0.7 by 0.4 em. and several other small areas of superficial 
erosion measuring from 1 to 2 mm. in diameter. The floor of the larger ulcer is 
rough and covered with a shaggy gray exudate. 

‘*A section through the mass shows it to be composed of a light yellowish greasy 
tissue which contains a few strands of white fibrous tissue. No definite lobulation 
is demonstrated. The picture is that of a pedunculated intragastric lipoma arising 
from the submucosal coat. 
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‘*Microscopic sections through the stomach wall adjacent to the tumor show 
nothing unusual. The stroma of the mucosa is in fields slightly increased in amount 
and somewhat edematous. An abundance of monocytic cells, many of which are 
plasma cells are frequently seen. A few small foci of lymphocytes are noted near 
the muscularis. The glands are well preserved and show both chief and parietal 
cells. In many fields the capillaries are congested and contain an occasional poly- 
morphonuclear leucocyte. 

‘*Another section through the mucosa taken over the growth shows the mucosa 
to be somewhat thinned out and atrophic in appearance. The branching gastric 
glands are much shorter than usual and surrounded by an increased amount of 
fibrous tissue. There is also some round-cell infiltration with small foci of lympho- 
cytes and many plasma and eosinophilic cells. Some areas of edema and slight 
congestion of the blood vessels are also noted. In some fields toward the outer 
surface of the mucosa the epithelium has been desquamated leaving a raw fibrous 
surface. This, however, is not marked and very little catarrhal reaction or inflamma- 
tory reaction is seen.’’ 

The pathologie diagnosis was an unusually large pedunculated, intragastric sub- 
mucosal lipoma showing ulceration and superficial erosion. 


SUMMARY 


A review of the literature now reveals a total of 33 cases of submucous 
lipoma of the stomach reported since 1835; of these, 17 were found at 
autopsy and 16 were resected at operation. The size of these tumors was 
reported to vary from that of a pea to that of an orange. Sex incidence 
was found to be equal. Age incidence varied from 29 to 84 years. Ano- 
rexia, nausea, vomiting, hematemesis, and melena were not uncommon 
symptoms associated with these tumors. Since there is nothing really 
pathognomonic in the symptomatology, the diagnosis of submucous 
lipoma of the stomach is rarely made before operation. However, a care- 
ful roentgenologic examination may lead one to suspect such a tumor. 
If the presence of a benign tumor is suspected, an exploratory operation 
and removal of the tumor with its involved stomach wall are indicated. 
Removal of the stomach wall is necessary since there have been reported 
cases of recurrences where only the tumor was removed. 
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THE TOXICITY OF INTESTINAL CONTENT AND OF THE 
TRANSUDATE FROM AN OBSTRUCTED LOOP 


FRreperIcK C, Hitt, M.D., Maurice E. Stoner, B.S., Omana, NEB. 
(From the Department of Surgery, Creighton University School of Medicine) 


HE question of the toxicity of intestinal contents injected intra- 

venously and the relation of such toxicity to intestinal obstruction 
with its train of symptoms has never been entirely clarified. The idea 
that death in intestinal obstruction is due to decomposition or stagna- 
tion of the intestinal content was first suggested by Amussat? in 1839. 
Kocher,** in 1877, concluded from experiments on rabbits that, since 
peritonitis was not present, death must be due to intoxication, and he 
demonstrated that the condition of a patient with intestinal obstrue- 
tion could be improved by enterostomy or by removal of the intestinal 
content. Kirstein,’® in 1899, injected the contents of obstructed intes- 
tinal loops intravenously into rabbits and produced gastroenteritis, col- 
lapse, and death within a short time. <A similar picture was produced 
by such injections into eats. Gley and LeBas** brought up the ques- 
tion of whether or not this toxie substance present in the lumen of an 
obstructed intestine might be a proteose, but, since the injection of a 
proteose caused an increased lymph flow and the toxie substance appar- 
ently did not, they decided against its being a proteose. Chittenden, 
Mendel, and Henderson® in 1898 studied the effect of proteose injec- 
tions and found that the coagulation time of the blood was reduced. 
Chittenden also reported that proteoses and peptones caused a fall in 
blood pressure and a disintegration of the leucocytes. 

About 1910 Whipple, Stone, and Bernheim®® began a very intensive 
study of the question of the nature of the toxie substance in intestinal 
obstruction. They produced a clesed loop by isolating the duodenum 
with ligatures from just below the pancreatic duct to the duodenojejunal 
junction. The ligatures were buried with mattress sutures and the 
continuity of the gastrointestinal tract was re-established by gastro- 
enterostomy. They found that, if they washed out the contents of such 
a loop before an obstruction was produced, the dogs lived one to three 
days as compared to one to two days with the unwashed loop. The fluid 
content from an obstructed loop was autolyzed for ten days at 38° C. 
between toluol and chloroform. It was then heated to between 60 and 
70° C. for one-half to one hour and centrifuged, the supernatant fluid 
being filtered through a Gooch erucible. Forty eubie centimeters of this 
material was injected intravenously into dogs and the animals passed 
bloodly mucus and died in about four hours. At necropsy the duo- 
denum was swollen and purple, and this color was also visible to a lesser 
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extent in the remainder of the intestine. The blood also remained a 
fluid longer than normal and the dried weight of the blood was above 
normal. They found that death resulted also if the injection was made 
intraperitoneally or subcutaneously. They found that blood from a 
dog with a closed duodenal loop did not produce toxie symptoms when 
injected intravenously into another dog and this was true even when 
the dog had died from the obstruction. The intestinal content was 
found to produce no symptoms when injected into the lumen of the 
intestine of the normal dog. These investigators thought from their 
studies that the dogs showed some immunity on repeated intravenous 
injections of the fluid and that dogs thus immunized could survive a 
closed loop twice as long as an unimmunized dog (four days instead of 
two). From the protocols of the experiment, however, there seemed to 
be so much variation in the length of life that this particular work does 
not seem to us to be conclusive. 

Whipple, Rodenbaugh, and Kilgore®* attempted to purify the toxie 
material from an obstructed loop by precipitation with alcohol, centrif- 
ugalization, and heating to remove the albumin, and apparently: after 
this procedure the toxic material was more concentrated. It produced 
on intravenous injection, diarrhea, vomiting, lowered blood pressure, 
rise in urinary nitrogen, and an excess of antithrombin with inecoag- 
ulable blood. They believed that their method of purification removed 
practically all substances except primary proteoses, and they believed 
that they were dealing with a heteroproteose because it resisted pan- 
creatic digestion. 

Murphy and Vineent,*® in 1911, found the material from an ob- 
structed intestine to be poisonous when injected intraperitoneally, but 
the poisonous properties were destroyed by boiling or by passage through 
a Berkefeld filter, and they concluded that bacteria were responsible 
for the toxin. Von Baraez*? found that dogs with a closed ileal or cecal 
loop might live for many weeks. Hartwell and Hoguet*® found that 
the length of life with high intestinal obstruction was not related to the 
amount of food in the intestine above the obstruction. Hartwell*® later 
concluded that the length of life is inversely proportional to the amount 
of mucosal damage. Roger,*! in 1907, found that the normal contents 
of both stomach and intestine were toxie when injected without filtra- 
tion intravenously into a dog. Other investigators, including Whipple 
and his co-workers,®® did not agree with this finding. McClintock and 
Hines,*® however, scraped the mucosa and the intestinal contents from 
the entire small intestine of a normal dog, concentrated it by Whipple’s 
method, and found that this material sometimes killed the injected dog ; 
but, if the material from four dogs was used, it afways killed the in- 
jected dog. The blood of the injected dog showed a rise of nonprotein 
nitrogen, concentration of cells, and sometimes a decrease in chlorides. 
These workers also obtained a lethal dose by scraping the mucosa from 
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the intestine of a man whe died from Hodgkin’s disease, and Ellis’® 
obtained it from’ dogs with portal thrombosis. Sweet, Peet, and 
Hendrix®® believed that the only cause of death in dogs with a closed 
intestinal loop is distention and rupture of the loop. They found, as 
did previous workers, that a closed loop of the lower ileum was tolerated 
for long periods but that, if such a loop were made and filled with pan- 
creatic juice or pieces of pancreas, the animal died as in high obstruc- 
tion. They ligated the pancreatic ducts in three dogs and these ani- 
mals lived for seven or eight days with a high obstruction. They ob- 
tained a toxic material from the intestine of these dogs, but they con- 
cluded that it was not a proteose and believed that the symptoms sug- 
gested choline bases as the toxic factor. They suggested that the 
symptoms of pancreatitis are due to intoxication with products of pro- 
tein cleavage and that this is true also in intestinal obstruction. Raine 
and Perry® placed rubber tubes around the bowel and brought the ends 
of the rubber tubes out through the skin, thus producing a closed loop. 
When the tubes were tightened, the intestine was obstructed and the 
animals quickly developed symptoms, but when the tension was released, 
they quickly recovered and the blood chlorides soon returned to normal. 
This experiment, however, is complicated by the fact that they were 
dealing with not only a closed loop, but also an intestinal obstruction 
above the loop. 

Murphy and Brooks**® coneluded that the toxicity of the material in 
an obstructed loop was decreased by prolonged autolysis or by passing 
through a Berkefeld filter. They also made a 20 em. loop of jejunum, 
which was drained to the outside throvgh a stab wound, and the dog 
was followed for five months. When the loop was closed by operation 
or by contracture of the stoma, the dog became sick, but it recovered 
as soon as drainage was established. Murphy and Brooks found that 
the thoracic duct fluid from a dog with a closed loop was not toxie but 
believed that they had demonstrated toxicity in lymph from the thoracie 
duct of a dog which had a closed loop and in which the loop was further 
distended by the injection of more loop contents from another dog. 
They also found that the contents of a gangrenous gall bladder were not 
toxic, but, if intestinal content was put into the gall bladder before 
gangrene was produced, the gall bladder fluid did become toxic. 

Burget and his co-workers,* ° made closed loops of ileum or jejunum 
which they placed under the skin. They found that distention of these 
loops was accompanied by vomiting but that the dogs could be kept alive 
indefinitely by tapping the loops and relieving the pressure. 

Brooks, Schumacher, and Wattenberg* made 80 em. closed jejunal 
loops and sutured the ends carefully to produce the least possible 
mueosal damage. They re-established the continuity of the intestinal 
tract and the dogs lived as long as three weeks. They gave the protocol 
on one dog, but said that it was typical of many similar cases. The 
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loops were found to contain thick, gray material, a small amount of 
which injected intravenously would kill another dog. 

Dragstedt and his co-workers’? made closed intestinal loops, strained 
the contents, and heated it for one hour over a water bath at 70° C. 
The coagulum which formed was filtered off, and the filtrate, which was 
toxic, was kept between toluol and chloroform at room temperature. 
They found no evidence of anaphylaxis on injection of this material, 
and stated that normal intestinal content which Davis and Stone found 
to be nontoxic becomes toxic after standing unpreserved. Dragstedt 
and his co-workers’” concluded that the toxie substances in a closed loop 
are probably not protein in nature. 

Dragstedt (L. R.), Dragstedt (C. A.), MeClintock, and Chase’® made 
closed loops of duodenum or upper jejunum which had been previously 
washed with sterile water and ether. They found that about one-half 
the animals survived indefinitely. The loops, however, were found to 
contain many bacteria and the contents of such loops were found to be 
toxic when injected intravenously or intraperitoneally. They tried 
washing the loops with other substances (alcohol, phenol, lysol, formalde- 
hyde, mercuric chloride, silver nitrate, chloroform, and cresol) but none 
of these were as effective as ether. They believed that ether prevented 
the absorption of toxic substances or depressed the intestinal secretion. 
Washing the loop with an astringent (8 per cent aluminum potassium 
sulfate) had the same effect as ether and 6 per cent tannie acid was 
also very satisfactory. If a long (six feet) ether-washed loop was made, 
the dogs remained well for two weeks and then a slowly developing 
toxemia appeared. 

Dragstedt, Moorhead, and Bureky™ isolated a loop of duodenum or 
jejunum, re-established the intestinal continuity, and dropped the open 
loop back into the abdominal cavity. At reoperation the ends of the 
loop were found to be closed by adhesions and the loop was distended 
with thick yellow fluid which was sterile. Dragstedt and Moorhead," 
in further studies made on these open loops, found that the lower down 
in the intestinal tract the loop was made, the less chance there was of 
the dog surviving. About one-half the loops remained open and the 
other half were closed by omental adhesions. They found that when a 
closed loop was made and removed in time to save the animals’ lives, no 
immunity developed to subsequent injections or obstructive operations. 


Cooke, Rodenbaugh, and Whipple’? found that there was a rise in the 
noncoagulable nitrogen, urea nitrogen, amino nitrogen, uric acid nitro- 
gen, creatine nitrogen, and creatinine nitrogen in intestinal obstruction, 
in closed loops, or after the injection of toxic proteose. Haden and 
Orr,?* however, found that the changes in the blood produced by the 
injection of loop contents were not so marked as those found by Whipple. 
They also found no definite change in the chlorides even with a pro- 
nounced rise in nonprotein nitrogen. The injection of Witte’s peptone, 
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which contains mainly proteoses, also caused no significant change in 
the blood chlorides. Autolyzing liver placed in the abdomen caused an 
intoxication, but there was no marked change in the chlorides. 

Davidson and Mason,'! however, found that liver, free in the abdomen, 
did cause a rise in nonprotein nitrogen. Ingvaldsen, Whipple, Bauman, 
and Smith®* attempted to determine the chemical nature of the loop 
contents by an extensive chemical analysis. They concluded that it 
was a nucleoprotein and that a small amount of histamine was pres- 
ent, but not enough to contribute to the toxicity.., 

Hibbard and Kremen** studied the effect of the volatile base in loop 
contents and found that it produced toxic symptoms but did net kill 
the animals. The volatile base-free residue was nontoxic. 

Cutter and Pijoan’® found an increase in the blood potassium in high 
intestinal obstruction and found that dogs with high obstructions were 
killed by an injection of 10 ¢.c. of 1 per cent potassium chloride, which 
is tolerated by normal dogs. Seudder, Zwemer, and Whipple®* found 
a rise in blood potassium in intestinal obstruction and attributed death 
to this factor. Bisgard, Mcintyre, and Osheroff,? and Jorgensen, Dietz, 
and Hill,*® on the other hand, found no evidence that potassium or 
change in the sodium-potassium ratio contributed to the cause of death. 

Johnstone, Clasen, and Orr®* found that dogs with the major pan- 
ereatie duct transplanted below an obstruction lived three times as long 
as other dogs with obstructions in the same location. The loss of the 
bile and pancreatic and duodenal juices is known to cause death (Drag- 
stedt and his co-workers,'*® and Hill, Neigus, and Wilhelmj**). 

White and Fender’? kept one dog alive a month. and another two 
weeks, by giving vomitus below the obstruction through a Witzel 
enterostomy tube. These authors did not believe that any toxin is 
formed in nonstrangulated bowel and that chloride neutralizes any 
toxin. Hill and O’Connell,** on the other hand, administered duodenal 
contents to dogs with high intestinal obstruction and were not able to 
prolong life. 

Cutting’ found that adrenalectomized rabbits were less able to with- 
stand the injection of loop content than were normal rabbits, and others 
have directed attention to the similarity in symptoms of intestinal 
obstruetion and bilateral adrenalectomy. Several investigators have 
considered the possible relationship of Bacillus welchit in the causation 
of toxie symptoms. MelIver and his co-workers*® found no effect from 
B. welchii antitoxin in preventing symptoms of intestinal obstruction 
in eats with closed loops. Copher, Stone, and Hildreth,* on the other 
hand, found that the antitoxin made dogs with closed loops live an 
average of 4.6 days compared to 2.3 days in the untreated dogs. 

Haerem, Dack, and Wilson®* were able to demonstrate no evidence of 
Clostridium welchii toxin in loop fluid by injecting this fluid into mice. 

Hartwell and Hoguet,*! in 1912, stated that the cause of death in high 
intestinal obstruction is the loss of fluid by vomiting. Haden and Orr,** 
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in 1923, pointed out the drop in blood chlorides and showed that dogs 
could be kept alive by the injection of normal saline solution. Drag- 
stedt and Ellis't showed that the loss of gastric juice from isolated 
stomach pouches caused dehydration, alkalosis, and death. Gamble and 
Melver®”? and Elman and Hartmann”? showed that pancreatic fistula 
caused death by dehydration and acidosis. Elman and Hartmann?° 
believed that the cause of death in obstruction or fistula high in the 
intestine is due to the loss of the gastrointestinal secretions and sub- 
sequent change in body fluids, but they do not believe that death in low 
obstruction is caused by this means. Hartwell, Hoguet, and Beekman*? 
believe that there is no toxemia in intestinal obstruction, except that 
produced by the loss of water, unless the intestinal wall is damaged. 
Haden and Orr*> investigated the effect of other inorganic salts in pro- 
longing the life of dogs with high intestinal obstruction. They found 
no beneficial effect from potassium chloride, calcium chloride, or mag- 
nesium chloride. Sodium bromide apparently did some good but was 
not as effective as sodium chloride. Iodides, on the other hand, seemed 
to hasten the toxie process. 

Haerem, Dack, and Dragstedt?’ placed Cl. botulinum toxin in the 
closed intestinal loop of a dog and the greatest amount was found in 
the blood on the fourth day. After x-ray studies of the loops, the authors 
believed that there was some correlation between absorption of the 
toxin and distention of the loops. 

Morton and Sullivan‘? made 10 em. closed loops of duodenum and 
ileum in the same dog. The animals were anesthetized every twenty- 
four hours and the contents were aspirated with a needle, measured, and 
returned to the loop. The amount of secretion in the ileum was found 
to be very small (1 ¢.. in seventy-two hours) but in the duodenum 
averaged 11.3 ¢.¢c. the first twenty-four hours, and 35.7 ¢.c. total at 
forty-eight hours. The intraloop pressure measured with a manometer 
was found to be four to seven times as great in the duodenum as in the 
ileum. They also noted a fall in blood chlorides and a rise in nonpro- 
tein nitrogen. Sperling®® found that an obstructed bowel cannot absorb 
as much water as a normal bowel. An increase of intraintestinal pres- 
sure results in the gradual increase of water absorption until a pressure 
of 40 ¢.c. of water is reached, then absorption decreases and stops at 
75 mm. of mereury pressure. They found that strychnine does not pass 
through the wall of a devascularized bowel unless the pressure is in- 
creased. They also found a slight but definite delay in the absorption 
of strychnine from the obstructed bowel. 

South and Hardt** placed a closed loop extraperitoneally under the 
skin with re-establishment of the intestinal continuity. They found 
that a toxemia developed but was relieved when the loop perforated. 
If they washed out the loop with normal saline solution, they thought 
the life of the dogs was somewhat prolonged. EHisberg’® placed a sim- 
ilar closed loop between the fascial planes of the abdomen wall but 
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found that this did not prolong life. When the loop was placed outside 
the skin, the animal lived and was not affected. When the loop was 
inside the abdomen or in the abdominal wall, the dog died in seventy- 
two hours. 

Seott®? made strangulated loops with and without ligature of the 
arteries. He found that the weight of the strangulated intestine in- 
creased from 133 to 490 per cent. Peritoneal fluid was increased and 
he found that the protein content of this fluid was the same as that of 
blood. The peritoneal fluid was not toxic when injected intravenously 
unless the loop had ruptured. Strychnine, histamine, or tetanus toxin 
was absorbed more slowly than normal from such a strangulated loop. 
Seott calculated that a strangulated bowel five feet in length would 
cause a loss of as much as 66 per cent of the total blood volume. 

Maycock** placed a bag around a loop of strangulated bowel and col- 
lected the transudate. When this fluid was injected intravenously, he 
found an acute depressor effect which he believed was accounted for 
by the amount of histamine and choline present. 

Knight and Slome** collected the blood from mesenteric veins drain- 
ing a strangulated loop, and found a depressor substance present. They 
also discovered such a substance in lymph from the thoracic duct. They 
performed cross-circulation experiments in which one animal supplied 
blood to the strangulation of the entire small intestine of another ani- 
mal. The donor was not affected by the blood loss and the life of the 
other animal was not prolonged. Knight*' found that the release of a 
strangulated segment of bowel causes 15 per cent mortality in very sick 
animals due to the release of toxic material in the veins. 

Holt*® found that in strangulation of long loops of intestine (40 em. 
or more) over 50 per cent of the blood volume goes into the loop and 
this is sufficient to cause death in dogs. He found that, when a strangu- 
lated loop is put into a rubber bag, life of the animal is not prolonged. 
He also found that contents of such a loop of twelve hours’ duration or 
the fluid in the peritoneal cavity was not markedly toxic when injected 
intraperitoneally. The transudate in the bags around the loop was 
injected intraperitoneally and produced only vomiting, tremor, and 
weakness when 200 ¢.c. were injected. He concluded that toxemia is of 
minor importance in long, strangulated loops, but considers the loss of 
blood to be the main factor. He placed a strangulated loop 20 em. long 
in a bag and drained the bag to the outside. One dog was used and 
this animal remained well. He concluded that life is prolonged in a dog 
with a loop of moderate length if absorption of toxin is prevented. He 
made a previous anastomosis around the loop so that there was no 
obstruction present. 

Foster and Hausler** placed a bowel segment in a thin rubber bag and 
tied a rubber catheter around the base tight enough to obstruct the 
veins. With loops twenty-four inches long the length of life was not 
prolonged by use of the bag. When short loops were used (12 inches), 


= 
ats 


HILL AND STONER: TRANSUDATE FROM OBSTRUCTED LOOP 257 


the dogs lived twenty-five hours compared to sixty-six hours without 
the bag. They considered this demonstrated a striking prevention of 
toxemia. 


The experimental investigations which follow were undertaken in an 
attempt to provide new light on several of the controversial questions 
which are apparent in the above review. 


EXPERIMENTAL METHODS AND RESULTS 


Operative Procedures.—The operative procedures carried out in this 
study were all performed under ether anesthesia administered by 
tracheal intubation after induction in the ether box. No preliminary 
medication was given. Aseptic precautions were observed in all eases. 
The abdomen was entered through a midline incision and the jejunum 
below the suspensory ligament of Treitz was identified with a minimum 
of trauma. After one of the several procedures described below, the 
incision was closed in three layers (peritoneum and muscle, subeutane- 
ous tissue, skin) using No. 8 cotton thread as suture material. 


Series I, SIMPLE OpstrRUCTION.—The jejunum was firmly ligated with 
twilled tape at a point about two feet below the ligament of Treitz. 


TYPICAL PROTOCOL 


Long-haired brown mongrel male (weight 13 Ib.) 
9/29/39 Obstruction 

9/30/39 Stuporous, refuses food 

10/ 1/39 Stuporous, takes some water 

10/ 2/39 Found dead, 8 A.M. 


Necropsy: No peritonitis; intestine above ligation moderately dilated; below, mod- 
erately collapsed; loop of gut adherent to tie region; mucosa of intestine 
hemorrhagic; 20 ¢.c. of reddish brown material with pronounced fecal 
odor collected from above obstruction. 

The material collected from the intestine was filtered through gauze or was con- 
centrated by Whipple’s method and injected. 


As will be noted in Table I, the results obtained when intestinal eon- 
tents from an obstructed bowel were injected intravenously varied 
considerably. There seemed to be no relationship between the amount 
of material injected and the effect produced and no increased effect was 
obtained by concentrating the material according to Whipple’s method. 
In fact, in this series, the concentrated material was apparently less 
toxic than the untreated contents. 


Serres II, Normau INTEstTINE.—In this series intestinal content was 
obtained from dogs which had been sacrificed in some other investiga- 
tive work. The contents were obtained shortly after death and were 
milked out of the upper intestine. The material was strained through 
gauze and immediately injected intravenously into a healthy dog. 

Comment.—In general the effect produced by normal intestinal con- 
tent was at least as pronounced as that obtained by the injection of the 
contents of obstructed bowel. 
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TABLE I 


RESULTS IN SERIES I 


INJECTED TIME 
DOG 90. INJECTED OBSTRUCTION 
NO. PRODUCED 
17 Intra- 424 Untreated contents|72 hr.; nat-} 3 ¢.c. | Violent 
venous from simple ob-| ural death death 
struction 
18 Intra- 424 Whipple ppt. of|72 hr.; nat-| 20 cc. |No effect 
venous contents of sim-| ural death 
ple obstruction 
20 Intra- 424 Contents from/72 hr.; nat-|} 30 ec. |No effect 
venous simple obstruec-| ural death 
tion treated by 
Whipple method 
20 Intra- 426 Untreated contents|48 hr.; nat-| 15 ¢.c. | Violent 
venous of simple ob-| ural death death 
struction 
21 Intra- 426 Whipple ppt. of/48 hr.; nat-| 17 cc. |No effect 
venous contents of sim-| ural death 
ple obstruction 
23 Intra- 423 Purified by Whip-|5 days; 35 ec. |Slight —hy- 
venous ple’s method from| etherized perpnea 
simple obstruction and nausea 


the neck of the bag. 


TABLE ITI 


RESULTS IN SERIES IT 


III, INcarceRATED OsstructED Loop.—A loop of jejunum 
approximately eight inches in length was ineareerated in a thin rubber 
bag. The afferent and efferent limbs of the loop were then firmly 
ligated with twilled cotton tape, including in the ligature a portion of 
The ligature on each limb was passed through the 
mesentery close to the gut, avoiding the inclusion of blood vessels, thus 
preserving the blood supply of the segment. 
about the tie region and held in position with one or two sutures. 


The omentum was looped 


INJECTED 
METHOD | SOURCE: AFTER 
DOG OF IN- DOG INJECTED OBSTRUC- | AMOUNT RESULT 
NO, JECTION NO. TION 
PRODUCED 
19 Intra- 397 Contents of nor- 20 ¢.c. |Vomited vig- 
venous 397 mal intestine orously ; 
died during 
night 
34 Intra- 373 Contents of nor- 15 ec. |Shock reae- 
venous mal intestine di- tion with 
luted and strained hypernea, 
through gauze urination 
and defeca- 
tion 
37 Intra- dogs used|Normal intestinal 20 |Hyperpnea; 
venous | in’ Junior} contents and shock; 
Surgery death in 24 
hr. 
38 Intra- |8 dogs used|Normal intestinal 25 c.c. |Hyperpnea; 
venous | in’ Junior! contents death in 
Surgery about 5 hr. 
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TYPICAL PROTOCOL 


White, smooth-haired mongrel female (weight 26 Ib.) 


10/23/39 
10/24/39 


Obstruction 
Has not vomited with exception of bile-stained 


vomitus on recovery from anesthesia 


10/25/39 Dog, 


which appears 


necropsy performed 


well, 


etherized, 


and 


Necropsy: No gangrene, no peritonitis; loop enlarged and dilated; 150 c¢.c. clear, 
pink fluid collected from bag into beaker containing 4 ¢.c. of 2 per cent 


potassium oxalate 


TABLE IIT 


RESULTS IN SERIES IIT 


INJECTED 
INTO 
DOG 
NO. 


METHOD 
OF IN- 
JECTION 


SOURCE: 
DOG 
NO. 


MATERIAL 
INJECTED 


TIME 
AFTER 
OBSTRUC- 
TION 
PRODUCED 


AMOUNT 


RESULT 


22 


Intra- 430 
venous 
Intra- 


venous 


429 


Intra- 432 


peritoneal 


Intra- 
venous 


Intra- 
peritoneal 


Intra- 
peritoneal 
Intra- 
peritoneal 


Intra- 
venous 
Intra- 
venous 


Tutra- 
venous 


Bag contents from 
obstructed loop 
Oxalated bag con- 
tents from _ ob- 

structed loop 
Oxalated bag con- 
tents from _ ob- 
structed loop 


Oxalated bag con- 
tents ob- 
structed loop 

Oxalated bag con- 
tents from ob- 
structed loop 
Bag contents from 
obstructed loop 
Bag contents from 
obstructed loop 


Bag contents from 
obstructed loop 
Oxalated bag con- 
tents of ob- 

structed loop 
Oxalated bag con- 
tents of  ob- 
structed loop 


24 hr.; 
etherized 
48 hr.; 
etherized 


72 hr.; 
etherized 


48 hr.; 
etherized 


72 hr.; 
etherized 


72 hr.; 
etherized 
etherized 


72 


etherized 
72 hr. 


96 hr. 


20 


No effect 


Imperceptible 


*, |Immediate vio- 


[Slight 


lent reaction; 
several days 
diarrhea; ulti- 
mate recovery 
No physical 
signs 


No reaction 


No effect 


discom- 
fort which dis- 
appeared 

No physical 
symptoms 

No reaction 


.|No gross reac- 


tion 


Comment.—With one exception there was little effect produced by the 
injection of the transudate collected in the bag around the loop. One 
dog had immediate vomiting and rapid respiration, followed by several 


days’ diarrhea. 


which soon disappeared. 
SERIES IV, INCARCERATED OpstRUCTED Looe WirH ANASTOMOSIS.— 
Operative Procedures—The loop of jejunum was ineareerated and ob- 


structed as in Series III. 


Another dog apparently had some slight discomfort 


In addition, a side-to-side anastomosis was 


performed on the projecting limbs of the loop, re-establishing the con- 
tinuity of the gut. 


2909 

j 
| 
26 50 | | 

30 434 48 c.c. 
31 440 100 e oe 
| 
33 441 | 15 ce. 
35 443 40 
36 444 50 
4 


SURGERY 


TYPICAL PROTOCOL 


Brindle. bull dog, female (weight 12 lb.) 
10/18/39 Obstruction 
10/19/39 Dog, which appears well, etherized and posted 


Necropsy: No gangrene, no peritonitis; anastomosis in good condition and not 
leaking; loop dilated; 18 ¢.c. of clear pink fluid which clotted immedi- 
ately collected from the bag 


TABLE IV 


RESULTS IN SERIES IV 


INJECTED 
INTO 
DOG 
NO. 


METHOD 
OF IN- 
JECTION 


SOURCE: 
DOG 
NO. 


MATERIAL 
INJECTED 


TIME 
AFTER 


OBSTRUCTION 
PRODUCED 


AMOUNT 


RESULT 


25 


Intra- 
venous 


428 


Bag contents; 
limbs _anasto- 
mosed 


24 hr.; 
etherized 


18 


No effect 


Comment.—Here again no effect was produced by the injection of 
the fluid obtained in the bag. 
SERIES V, MESENTERIC THROMBOSIS.—The mesentery of a large por- 
tion of the small intestine was encompassed in a ligature near its verte- 
The ligature was drawn tightly enough to occlude 
the mesenteric vessels. 


bral attachment. 


Necropsy: 


TYPICAL PROTOCOL 


Yellow, smooth-haired mongrel female (weight 16 Ib.) 
12/29/39 Ligation 
12/30/39 Etherized and posted 


Gut gangrenous and serosal vessels injected; 10 ¢.c. fluid collected from 
peritoneal cavity and 5 c.c. blood collected from thrombosed vessels 


TABLE V 


RESULTS IN SERIES V 


INJECTED 
INTO 
DOG 
NO. 


METHOD 
OF IN- 
JECTION 


SOURCE: 
DOG 
NO. 


MATERIAL 
INJECTED 


TIME 
AFTER 
OBSTRUC- 
TION 
PRODUCED 


AMOUNT 


RESULT 


39 


40 


Intra- 
venous 


Intra- 
venous 


459 


459 


Peritoneal fluid 
from mesenteric 
thrombosis 

Blood from throm- 
bosed mesenteric 


veins 


24 hr.; 
etherized 


24 hr.; 
etherized 


10 


5 e.e. blood 
20 ¢.e. saline 
solution 


No reaction 


No reaction 


Comment.—Neither the peritoneal fluid in the abdominal cavity nor 
blood from the mesenteric veins in a dog with mesenteric thrombosis 
produced visible symptoms when injected into another dog. 


SERIES VI, INCARCERATED STRANGULATED Loop.—A loop of jejunum 


approximately eight inches in length was incarcerated in a rubber bag. 
A ligature of twilled tape was placed firmly about the neck of the bag 
occluding the lumina of both limbs of the loop as well as the blood 
supply. The omentum was loosely looped about the ligature and held 
in place with one or two sutures. 
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TYPICAL PROTOCOL 
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Black and brown long-haired mongrel male (weight 12 lb.) 
1/3/40 Strangulation 
1/4/40 Found dead, 8 A.M. 


Loop gangrenous but not perforated; intestine above obstruction mod- 
erately dilated; below, moderately collapsed; 75 ¢.c. dark, red fluid which 
did not clot collected into beaker; characteristic foul odor 


TABLE VI 


RESULTS IN SERIES VI 


TIME 
METHOD | SOURCE: AFTER 
vies OF IN- DOG segue OBSTRUC-| AMOUNT RESULT 
py JECTION NO. TION 
PRODUCED 
32 Intra- 438 Bag contents from|48 hr.; 100 ¢.e. |Typical violent 
venous obstructed gan-|natural reaction; died 
grenous loop death during night; 
early peritoni- 
tis 
41 Intra- 463 Bag contents from|24 hr.; 60 c.c. | Tachycardia 
venous obstructed  loop|found 
with ligated blood|dead 
supply 
42 Intra- 469 Bag contents from|48 hr.; 15 «ec. |Shoek symp- 
venous obstructed throm-|found tom; died dur- 
botic loop; gan- |dead ing night 
grenous and per- 
forated 
43 Intra- 474 |Loop contents of/24 hr.; 10 ce. | Violent reac- 
venous obstructed, throm-}found tion; died 
bosed loop; gan-|dead 
grenous, not per- 
forated; early 
peritonitis 


Comment.—F luid obtained in a bag around a strangulated loop pro- 
duced marked and severe symptoms when injected intravenously. 

Serres VII.—Because of the difficulty of determining by observation 
of the animal whether any effect is produced by the intravenous injec- 
tion of intestinal content, another method was sought which could be 


used independently as a measure of the effect of the injection. 
was found in the behavior of the leucocytes. 


This 


Leucocyte counts were 


made before injection, five minutes after injection, and twenty-five 
minutes after injection, and the results are given in Table VII. 


COMMENT 


In the eighteen experiments of all types at least two-thirds showed 


a definite leucopenia induced by the injection. In many cases leucopenia 
occurred when there was no other apparent effect produced by the 
injection; but, when objective symptoms were seen, leucopenia always 
occurred. 

In the four experiments of the Series I type (simple obstruction) 
leucopenia occurred in all, but physical signs appeared in only two. 
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TABLE VII 


LEUCOPENIA INDUCED BY INJECTION 


HOURS 


AMOUNT] GROSS LEUCOCYTES 
PREPARATION IN- SYMP-| FATAL|— 
FROM SUR- Jectep| TOMS NOR- 5 25 
GERY MAL | MIN. | MIN. 
Series I 72 | Whipple 30 0 0 9000) 4400 | ----- 
Series I 48 |Filtered through| 15 ce.) +++ | + 9500} 2200 
gauze (death) 
Series I 48 | Whipple 17 cx. 0 0 11800} 6700 8800 
Series I |5 days | Whipple 17 ++ |, 9 10200} 2950 8580 
Series IT |Diluted with 15 | 0 16720} 1240 6600 
Series II _. |Diluted and strained! 20 +44++ + 17600 | 12000 
through gauze (10 
min. ) 
Series ITI 24 |None 20 0 0 10200] 10800 11600 
Series III 48 /|Oxalated 50 e@.e. 0 0 13700}14500 11900 
Series LIT 48 |Oxalated 50 e@.e. 0 0 9600} 2000 
(30 
min. ) 
Series ITT 72 |Oxalated 15 e@.e. 0 0 14400}12100 | 15860 
Series IIT 72 |Oxalated 40 e.e, 0 0 16000/14000 | 14150 
Series IIT 96 |Oxalated 50 ee. 0 0 14660 |12000 14000 
Series V 24 | Diluted and strained| 25 «e.e. ++ + 15000/}10000 8000 
through gauze 
Series V 24 |None 10 e.e. 0 0) 14920/11500 | 10200 
Series V 24 |None (blood) a BL 0 0 6880} 5100 6200 
Series VI 24 |None 60 ee. 0 11000} 2200 | 14500 
Series VI 48 |None 15 ¢.e.| 11800} 3000 | 
Series VI 24 |None 10 e@.e.} 14400} 


In the two experiments where normal intestinal content (Series IT) 
was used, symptoms and leucopenia were present in both. 


There were no objective symptoms in the six experiments in Series LIT 
(transudate in bag around obstructed loop). In one there was a 
striking leucopenia and in two there was a very slight reduction in 
the white cells. 

In the eases of mesenteric thrombosis (Series V) the fluid in the 
abdominal cavity produced symptoms in one instance but not in the 
other, but there was a leucopenia in both. Blood from the mesenteric 
veins from one of the mesenteric thrombosis dogs produced no symptoms 
and no leueopenia. 

Fluid from a bag around an obstructed strangulated loop (Series VI) 
produced symptoms and leucopenia in all instances. 


DISCUSSION AND CONCLUSIONS 


We are unable from this study to draw conclusions about whether 
or not a bag around an obstructed loop prolongs the life of the experi- 
mental animal for two reasons: (1) The bag filled up so rapidly with 
fluid that if the dog were not sacrificed, the bag would become over- 
distended and leak. (2) Even though the obstructed loop was in a 
bag, the animal still had an intestinal obstruction above the loop. 
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The results obtained in Series VII demonstrate the fallacy of draw- 
ing conclusions about the toxicity of material injected intravenously 
from objective symptoms alone and explains some of the contradictory 
evidence presented by different investigators. The fact that leucopenia 
was always produced along with toxic symptoms and was produced 
also in many animals where no symptoms were manifest indicates that 
it is a more sensitive index of toxicity. 

Using leucopenia as a criterion, our experiments show that the 
material in a normal intestine and the contents of an obstructed loop 
both are always toxie when injected intravenously and one is about as 
toxie as the other. 

With the same index of toxicity, the transudate from an obstructed 
loop is only occasionally toxic, but, if the loop is strangulated, the 
transudate is always toxie. 

Similarly, in the case of the peritoneal fluid in mesenteric thrombosis, 
although no symptoms occurred when it was injected, definite leuco- 
penia showed that it was toxie. 

Although peptones and proteoses are known to produce leucopenia 
when injected intravenously, the production of leucopenia is not a 
specific test for them since a number of other substances have the same 
effect. Leucopenia is, however, in our opinion, an evidence of some 
type of shock, and the symptoms produced when intestinal content is 
injected are also a manifestation of some type of shock. The prob- 
ability is that the leucopenia and the symptoms are both signs of the 
same phenomenon, but the leucopenia happens to be more constant 
and more easily detected. 

In a consideration of the relationship between the shock, which 
can be produced by injection of material intravenously, and the 
symptoms of intestinal obstruction, one factor has always been ignored 
and that is the factor of time. In order to produce shock, intestinal 
contents or transudate must be injected within a relatively short 
period, and in all probability, proteoses, peptones, or other substances 
which produce shock under the usual experimental conditions could be 
given very slowly without producing any disturbance in the animal. 
There is unquestionably something in the bowel which, when rapidly 
injected, produces shock. This substance or substances pass through 
the wall of the bowel into the peritoneal cavity when the intestine 
becomes devitalized, but the intravenous injection of this material can 
never provide incontrovertible evidence of its role in the causation of 
symptoms in intestinal obstruction. 
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INTUSSUSCEPTION IN AN ADULT DUE TO 
SUBMUCOUS LIPOMA OF THE ILEUM 


THomaAs W. Borsrorp, M.D., AND FrANcis C. Newton, M.D., 
Boston, Mass. 
(From the Surgical Service of the Peter Bent Brigham Hospital) 


NTUSSUSCEPTION in adults is a rare but important cause of 

intestinal obstruction. It is well known to students of the condition 
that a definite cause for intussusception, usually tumor, is commonly 
found when it occurs in adults; whereas, in cases occurring during in- 
faney, a causal factor is rarely found. In this report we wish to present 
and to comment upon a ease of intussusception in an adult due to a 
submucous lipoma of the ileum. 


CASE REPORT 


C. M., a white single male, aged 57 years, entered the hospital July 24, 1940, 
complaining of generalized abdominal pain of forty-eight hours’ duration. The 
pain was sudden in onset and was coliclike. There was no radiation of the pain 
and the patient stated that it was localized in the region of the umbilicus. There 
had been no previous attacks of abdominal pain. About twelve hours before entry 
the pain became more severe but was of the same character. Shortly after the 
onset the patient began to vomit everything taken by mouth and continued to do 
so. The bowels did not move after the pain began, but previously there had been 
no changes in the bowel habits. No bloody or tarry stools had ever been noticed. 
The patient’s health in the past had always been good except for a perianal abscess 
five years before. 

One brother had carcinoma of the rectum. There was no family history of 
diabetes, tuberculosis, or diseases of the blood. 

On examination the patient was a well-developed, moderately obese, middle-aged 
man who appeared acutely ill. The heart and lungs were normal. The abdomen was 
distended and there was tenderness in the right lower quadrant. No masses were 
palpable and no peristalsis was audible. Rectal examination showed a symmetrically 
enlarged prostate, and there was bloody mucoid material on the examining finger. 
The rectal temperature was 99°, the pulse was 120, and the blood pressure was 
170 systolic, 100 diastolic. Admission diagnosis was acute intestinal obstruction. 
Examination of the blood showed a red cell count of 4,600,000 with 90 per cent 
hemoglobin (Tallqvist) and a white cell count of 9,400 with 89 per cent polymor- 
phonuclear leucocytes, 9 per cent lymphocytes, and 2 per cent monocytes. The 
urine was normal except for a rare white blood cell. The Wassermann test was 
negative. 

Parenteral fluids were administered to the patient, and shortly after entry he 
passed a bloody, watery stool. A barium enema was given soon after entry. The 
report was as follows: ‘‘The opaque enema filled the colon rapidly and well up to 
the ileocecal region, where there was a central filling defect 5 cm. in width and 
8 em. in length. This was apparently entirely inside the cecum and ascending 
colon with no defect in the wall of the bowel, but there was a concavity in the 
ileocecal valve. The film after evacuation shows valvulae conniventes of small 
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bowel inside the large bowel. This is conclusive proof of intussusception of the 
small bowel into the cecum and ascending colon.’’ 

With a preoperative diagnosis of intussusception operation was undertaken about 
five hours after admission. Under ether anesthesia a right paramedian incision 
was made; when the peritoneal cavity was entered, the leading point of an ileoileal 
intussusception was found approximately 15 em. proximal to the ileocecal valve. 
The mass was about 20 cm. in length and was easily reduced. The blood supply 
was in excellent condition but there was considerable edema present. When the 
intussusception was reduced, the leading point was found to coincide with a 
pedunculated mass the size of a walnut within the lumen of the bowel. There was 
dimpling of the antimesenteric border of the ileum where the mass was attached. 
Resection of the portion of the intestine containing the tumor was performed and 
the continuity of the lumen was restored by an end-to-end anastomosis. The wound 
was closed and the patient returned to the ward in good condition. 


Fig. 1—Photograph of the specimen opened, showing the pedunculated lipoma and 
hemorrhage and edema of the mucosa of the ileum. 


The patient was febrile for four days postoperatively and on the seventh and 
eighth postoperative days. The cause of the fever was a recurrence of an old 
perianal abscess. This was incised and drained and the fever promptly subsided. 
The abdominal wound healed per primum. The patient was discharged on the 
sixteenth day after operation, at which time he was asymptomatic and eating a 
full, house diet. 

The pathologist’s report of the specimen (Figs. 1 and 2) was benign sub- 
mucous pedunculated lipoma of the ileum. ‘‘The tumor was composed of fat cells 
of adult type. There were no areas of fetal fat tissue or of spindle cells. At 
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various intervals strands of dense connective tissue extended among the fat cells 
of the tumor. In a few regions there was foreign body reaction to fat liberated 
by the breakdown of tumor cells. Except for some hemorrhage in the mucosa and 
edema in the submucosa, the other tissues of the intestinal wall were not altered 
from the normal.’’ 


COMMENT 


This was the fifth instance of intussusception in adults at the Peter 
Bent Brigham Hospital between the years 1913 and 1940. In only one 
case was no exciting cause found. The causes in the remaining cases 
were: lymphoma of the ileum, congenital band of the ileum, and sub- 
mucous lipoma of the ileum. The case presented above is the second 
intestinal lipoma causing intussusception at this clinic. The previous 
instanee of lipoma of the ileum caused recurring intussusception and 


Fig. 2.—Photomicrograph of a section of the submucous lipoma of the ileum. 


has been reported by Oughterson and Cheever.1. The finding of an 
etiological agent in four out of five patients agrees with the experience 
of most surgeons with intussusception in adults. This is in striking 
contrast to the problem in infancy and childhood as is well illustrated 
by the study of 372 cases of intussusception in those age groups by 
Ladd and Gross? in which a causal factor was discovered in only 5 
per cent of the series. 

Poston,’® in 1934, pointed out that intestinal lipomas are uncommon 
and collected 80 cases from the literature in which intussusception was 
initiated by a lipoma of the intestinal tract. We have found 15*?° 
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additional cases of the same nature reported since 1934. It is not difficult 
to visualize the mechanics of intussusception initiated by a pedunculated 
intraluminal intestinal tumor, such as a lipoma. According to Wardill,"? 
the tumor acts as a foreign body within the lumen of the gut and 
produces spasmodie contraction of the gut around it and inhibition of 
the bowel just distal to it. Thus, the bowel is prepared to invaginate, 
and the contracted portion with the tumor may enter the dilated segment. 


The clinical picture of intussusception in adults is usually not as 
clear cut as that in infants. However, the present case presented colic- 
like abdominal pain, nausea, vomiting, obstipation, and grossly bloody 
stool. No mass was palpable but otherwise this instance from a clinical 
viewpoint was very similar to intussusception in infants. More often 
intussusception in adults is less acute and the symptoms are milder 
and recur at varying intervals. Grossly bloody stools are seldom seen, 
and a mass in the abdomen is not commonly palpable. The barium 
enema will make the diagnosis if the intussusception is of the ileocolic 
type, as it did in this case. However, if the advancing point of the 
invagination has not entered the ileocecal valve, the disease cannot be 
ruled out by barium enema. Moreover, if the symptoms are at all 
suggestive of intestinal obstruction, it is not desirable to give barium 
by mouth. 

The catholic method of treating intussusception is operative. The 
invaginated bowel is reduced and a thorough search for tumor should 
be made. If tumor is found, as it is in the majority of cases in adults, 
it should be removed. It must be remembered that the benign tumors 
ot the bowel such as lipoma, adenoma, and polypi may be multiple. As 
pointed out by others,’ if a tumor is not found at the apex of the 
intussusception, the bowel should be examined both proximally and 
distally, since the tumor is not always the exact leading point of the 
intussusception. The therapeutic use of the barium enema in intussus- 
ception has been advocated by a few for many years and more recently 
by Williams.’* The disadvantages of this use of the barium enema seem 
to us far to outweigh the advantages. 


SUMMARY 


1. A ease of intussusception in an adult due to a submucous lipoma 
of the ileum is reported. 

2. Ninety-five cases of intussusception in adults due to lipomas of the 
intestine are found in the literature. 

3. The value of the barium enema in making the diagnosis is pointed 
out and its limitations noted. 

4. Intussusception in adults is frequently initiated by intestinal 
tumors and the importance of searching for tumor in adults at operation 
for intussusception is stressed. 
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COLONIC SPASM AS THE CAUSE OF INTESTINAL 
OBSTRUCTION 


RALPH Coup, M.D., New York, N. Y. 
(From the Surgical Service of the Mount Sinai Hospital) 


HE finding of either a spastic cecum or sigmoid flexure in the course 
of a routine physical examination is a frequent observation and 
occasions very little comment. However, a muscular spasm of the large 
bowel which is sufficient in its intensity and duration to occlude fully 
its lumen and thus produce an intestinal obstruction is rare. In 1896 
Murphy,** while operating upon a patient suffering from lead poisoning, 
found a spastic obstruction in the bowel. A year later Heidenhain® 
presented 3 cases of spastic ileus before the German Surgical Congress. 
While the interpretations of his observations were seriously doubted at 
the time, subsequent case reports have given unqualified support to his 
original contentions. Nagel,’* in 1910 was able to gather 51 cases from 
the literature and reported 2 of his own in which spasm of the wall of 
either the small or large intestine was so marked that an intestinal ob- 
struction occurred. Zimmerman*’ in 1930 in a collective review of this 
interesting subject reported 150 cases in which the condition had been 
definitely demonstrated either at the operating table or at post-mortem 
examination or both. To this number he added 2 observations of his 
own. Steigmann and Singer?® reported 15 cases, including 1 of their own, 
in which an idiopathic neurogenic spastic ileus terminated fatally. Our 
interest in this subject was stimulated by the recent observation of 5 
eases of large bowel obstruction in which a preoperative diagnosis of 
malignancy was made, and in which subsequent events warranted the 
diagnosis of muscular spasm as the cause of the obstruction. Perhaps a 
review of these cases and some similar ones reported in the literature 
might prove instructive and again emphasize the importance of a muscu- 
lar spasm as a definitive cause of large bowel obstruction. 

The etiology of spastic ileus which may similarly affect not only the 
large but the small intestine as well is indeed obscure. While many 
different theories have been advanced, none adequately explain the 
underlying mechanism. Zimmerman’ stated that the causes may be 
divided into three main groups, corresponding to the three major divi- 
sions of the nerve supply to the bowel. These are essentially: (1) a 
spastic ileus due to stimuli acting on the bowel at the site of the local 
spasm; (2) a reflex spastic ileus secondary to distant lesions; and (3) 
an ileus secondary to causes acting by way of the central nervous system. 
The first variety characterized by local muscular contractions may be 
due to foreign bodies, such as scybala, gallstones, intestinal parasites, 
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undigested food, blood in the intestines, ulcers either primary or 
secondary to foreign bodies, and circulatory disturbances of the mesen- 
teric vessels. A local enterospasm incident to or following either the 
spontaneous or operative reduction of a strangulated hernia may be 
sufficient in degree to produce an intestinal obstruction. This type of 
mechanism, local in its stimulation, is easy to understand and may be 
accepted almost without reservation. On the other hand, the cases in 
the second group, in which the causes of a reflex ileus have been ascribed 
to distant foci are less clear. Some have been ascribed to lesions in- 
volving the celiac plexus. Others seem to follow contusions of the 
abdomen, and many which appear incident to operative trauma have 
been grouped under ‘‘ postoperative spastic ileus.’’? Then there are some 
cases which seem to accompany lesions of other organs, either intra- or 
extraperitoneal in their location. The third and final group, embracing 
causes which act by way of the central nervous system, include both those 
eases in which the lesions are organic in nature and those which have 
been ascribed to psychogenic disturbances. 

The pathologie appearance of obstructing lesions in the large bowel at 
the time of operation is extremely varied. Either one or more of its 
major anatomical partitions or the entire colon from the cecum to the 
rectosigmoid may be so firmly contracted that the bowel is almost ropelike 
in appearance and consistency. Usually, however, the area involved is 
much smaller in its extent and may involve but a few inches of the bowel. 
This area is ordinarily represented by a firm, hard, smooth mass which 
seems almost bloodless and appears anemic. At other times the area is 
definitely constricted and the bowel appears as though it were tied with 
a cord. If the spasm has been present for a long period of time, not 
only the colon, which is proximal to the obstruction, but the entire small 
intestine may be dilaied and atonic. While these findings may be pres- 
ent at the time of operation, they may disappear under the manipula- 
tions of the surgeon. It should also be borne in mind that an obstruction 
which may have been demonstrated both clinically and by x-ray may 
disappear completely under the influence of anesthesia. In these cases 
the operator may find nothing to account for the intestinal obstruction. 
In rare instances the evidences of muscular spasm have been known 
to persist even after death, although the lesion at this time is usually 
recognized only by the dilatation of the bowel above the point of the 
original spasm. Histologic examination of this area as a rule reveals 
nothing, although in one case, which will be subsequently mentioned, 
there was hypertrophy of the intestinal musculature. Occasionally a 
spastic intestinal obstruction may follow a surgical operation. This may 
be verified either at the time of the second exploration or at autopsy. 

It might be instructive at this point to review some of the reported 
cases and those in our own series, classifying them according to the 
location and the extent of the colonic spasm. 
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The entire colon from the cecum to the rectosigmoid may be spastically 
contracted as was noted in the case of Pons Tortella and associates.” 


Pons Tortella, Ferrindiz Senante, and Subirana:!9 A male, aged 53 years, was 
admitted with a history of five days of obstipation accompanied by recurring vio- 
lent abdominal pain. From the onset the patient took only liquids which he 
promptly vomited. There was a history of gastroenterostomy performed thirteen 
years previously. Physical examination disclosed a well-developed male. The ab- 
domen was distended. The peristalsis was visible when induced by external stim- 
ulation. The condition grew worse on the day of admission and spontaneous vomit- 
ing of nonfeculent character occurred,, A diagnosis of mechanical occlusion caused 
by adhesions was made. Laparotomy, with spinal anesthesia, revealed a large in- 
testine intensely contracted between cecum and sigmoid, so as to resemble a rope 
of a finger’s thickness. No adhesions or bands were found. The operative diag- 
nosis was an intestinal obstruction caused by spasm of the colon. Antispasmotics 
were given for the first few days postoperatively and the course was uneventful. 


It is more usual, however, for a spasm of this extent to begin distal to 


the cecum. 


Nordmann:16 A female, aged 45 years, gave a previous nine-year history of 
mild colicky pain in the right upper quadrant, which for the past two years had 
become less severe. Twelve hours prior to admission there was a sudden intense 
attack of abdominal pain associated with vomiting. Marked constipation was 
noted. Patient appeared moderately strong and healthy. Pulse: 76, regular. Tem- 
perature was normal, The vomitus consisted of a feculent fluid, biliary in color. 
There was no corneal reflex. The pharyngeal reflex was present and patellar re- 
flexes were active. There was a marked general hyposensibility. Deep pinpricks 
were not felt in the left leg and right arm. There were no other neurological symp- 
toms. The abdomen was slightly distended. There was pronounced tenderness 
below the umbilicus. A diagnosis of peritonitis was made. Operation disclosed 
nothing abnormal with the exception of a distended cecum which led to a severely 
contracted colon, which extended to the pelvic sigmoid. The walls felt hard and 
rigid. On gentle pressing of the cecum some gas entered the contracted segment. 
For ten days following operation, there was fecal vomiting, which ceased on the 
eleventh day. Convalescence was uneventful. 

Marquardt:1° <A patient, aged 17 years, was seen in the fifth month of preg- 
nancy. Operation was performed for a severe suppuration of the kidney pelvis. 
Three days later after a severe diarrhea the patient complained of an intense pain 
in the region of the appendix and coincidentally developed a paralytic ileus. Seventy- 
two hours later, when all therapeutic measures had failed, an exploration was per- 
formed. No organic obstruction was found, but the cecum was extremely distended 
while the entire colon as far as the rectum was contracted. A cecostomy was per- 
formed, The patient died. At autopsy no obstruction was discovered and the 
lumen of the colon appeared normal, There was no peritonitis, 

Von Leube:8 A female, aged 19 years, had been suffering from ‘‘ vomitus ner- 
vosus.’’ ‘The stomach emptied within normal time limits and there was no reduc- 
tion in gastric acidity. Suddenly, in the absence of any unfavorable change in her 
general condition, she vomited greenish gray material of marked feculent odor. 
Physical examination revealed that several tumorlike resistances were palpable in 
the right hypochondrium. A rectal tube was introduced 60 em. into the anus with- 
out result. The following day a ropelike contraction, approximately the size of a 
little finger, was palpable along the entire course of the large intestine from cecum 
to sigmoid flexure. The observation could not have been more definite if an ana- 
tomical specimen were available. In the evening of the same day contraction was 
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noted only in the ascending and descending portions of the colon. During the day 
the patient had only one vomiting spell, producing very little material. There was 
no meteorism. <A day later the spasm of the intestine had cleared up. Within the 
next ten days the spasm was again manifested by very firm contraction of the as- 
cending colon and later also the transverse colon. About thirty-six hours later 
violent stercoraceous vomiting was noted and recurred a day later in the presence 
of an intensely contracted transverse colon. No contraction was found in the ree- 
tum on digital examination. The patient did not complain of abdominal pain. 
Progressive improvement followed another attack of stercoraceous vomiting four 
days later and the patient was discharged after several weeks. 


The case of von Leube* is particularly interesting because the patient, 
while under observation, presented a complete outline of the spastically 
contracted colon at one time, while at subsequent examinations only cer- 
tain areas of the colon seemed to be involved. 


In two cases in which an extensive involvement was recorded Bunge® 
states that an area in the transverse colon was dilated while the colon 
proximal and distal to this was definitely contracted. 


Bunge,’ Case 1: A highly neurotic female was subjected to a gynecologic opera- 
tion combined with appendectomy. For several days after the operation the patient 
complained of severe pain of colicky character in the upper part of the abdomen. 
There were no objective symptoms; the abdomen was soft and not tender. Purga- 
tives and high enemas, and finally atropine subcutaneously, failed to relieve the 
fecal retention on the third day after operation. The meteorism attained an alarm- 
ing degree on the fifth day. The stomach contained 2 liters of feculent material. 
The introduction of a rectal tube was impossible because of a spastic contraction 
at Houston’s valve. Laparotomy showed extreme distention of small intestine and 
cecum, the latter passing abruptly to the colon ascendens which was contracted to 
the width of a thumb. All segments of the colon including the sigmoid flexure were 
contracted like a taut rope. An ileostomy was performed. On the second day 
stools passed by rectal route. The patient made a recovery. 

Bunge,? Case 2: A female had a gynecologic operation combined with an appen- 
dectomy. There were no subjective postoperative pains but she developed the signs 
of an intestinal paralysis. Various therapeutic measures resulted in the passing of 
some flatus on the second and third days, and some inspissated feces on the fourth 
day. Meteorism, however, increased and aspiration of the stomach yielded feculent 
fluid. The pulse was 108 and of poor quality. A laparotomy showed that the 
small intestines were greatly distended, although not to the degree as in Case 1. 
The cecum was empty and contracted but not as much as the colon ascendens, which 
was in a state of maximum spasm and was as hard and stiff as a rope. The same 
appearance was presented by the transverse colon with the exception that its mid- 
portion was distended to a fist size by gas. The colon descendens and the sigmoid 
were in the same state as the colon ascendens. An ileostomy was performed. How- 
ever, the patient died seven days after operation. Autopsy revealed the absence of 
any signs of peritonitis; the intestine, which had been contracted at operation, was 
greatly dilated and filled with gas as far as the rectum. Bunge holds that the most 
plausible etiology in both cases may be seen in nervous reflex mechanisms. 


The more common variety of cases, however, are those in which the 
muscular contraction appears to be definitely localized to a small area 
of the colon. No area of the bowel appears immune. In one of the 
present series the area just distal to the cecum was spastic. 
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CASE 1,.—*(No. 430897.) B. H., a housewife, aged 48 years, was admitted to 
the private service on Oct. 14, 1938, and discharged on Nov. 15, 1938, This patient 
had had a cascade type of stomach and recently had complained of attacks of pain 
in the right lower quadrant accompanied by a feeling of fullness and abdominal 
distention. During these episodes she experienced several attacks of loose stools. 
Physical examination revealed some abdominal distention but no masses were pal- 
pable and rectal examination was negative. The stools failed to disclose the pres- 
ence of occult blood. Barium enema on several occasions revealed a constricting 
lesion of the proximal ascending colon, just distal to the cecum, which was thought 
by some to be malignant in nature. Accordingly, on Oct. 19, 1938, under ethylene 
anesthesia, a lower left rectus muscle-splitting incision was made. There were sev- 
eral bands running from the parietal peritoneum to the mesentery, apparently con- 
stricting the cecum and lower ascending colon. The appendix was long, and its 
indurated tip was buried subserosally and retrocecally. The adhesions were divided 
and appendectomy performed. The abdomen was closed in layers, using chromic 
throughout and pincettes for the skin. Following operation the patient became 
terrifically distended. A Levin tube gave slight relief. Small amounts of gas were 
passed by rectum. On the sixth day after operation patient had a rise in tempera- 
ture to 104°, distention increased, and x-ray revealed a high right diaphragm sug- 
gestive of a pneumonic process of the right base and a distended loop of small intes- 
tine with fluid levels. Although x-ray seemed to indicate definite intestinal obstruc- 
tion, repeated rectal irrigations yielded gas and small bowel content. The temper- 
ature gradually fell to normal and the abdominal distention became less. On the 
tenth day a wound dehiscence was noticed with prolapse of omentum, This was 
replaced into the peritoneal cavity and the wound packed. The patient was dis- 
charged on the twenty-seventh day with a granulating wound. Subsequent x-rays 
revealed a spastic constriction of the ascending colon, yet slightly less in degree. 
The patient was readmitted on May 3, 1939, for repair of a ventral hernia. This 
operation was uneventful. She has been seen subsequently and has no complaints. 
The adhesions about the ascending colon were not sufficient to account for the con- 
striction present in the x-ray, and even though these were divided, the postoperative 
x-ray film still showed that the constriction was present. It must be assumed that 
the obstruction was caused by a localized muscular spasm. 

Melchior:11 A male, aged 31 years, gave a history of recurrent pain in the up- 
per part of the abdomen and occasional feeling of tension above the umbilicus. 
Three months prior to entrance, an x-ray examination by another physician showed 
a spastically contracted transverse colon. Twenty-four hours before admission, a 
drawing pain was felt, especially in the right part of the abdomen. There was no 
bowel movement. A preoperative diagnosis of appendicitis was made. At opera- 
tion, the omentum which was partly necrotic and partly infarcted, was twisted 
three or four times about its axis; the spiral touching the transverse colon appeared 
stenosed. Following excision of the omentum, the patient made an uneventful 
recovery. 

Steindl:25 A male infant was seen sixty hours after a normal birth. The mid- 
wife stated that there had been no bowel movement since birth. The vomiting be- 
gan on the day before admission and was gastric at first and subsequently became 
feculent. The child was well developed, the pulse regular, and the respirations 
shallow. The temperature was 36.4° C. The abdomen was distended and tympa- 
nitie throughout. Gentle palpation elicited obvious signs of pain. A diagnosis of 
ileus, and possibly peritonitis, was made, At operation the small intestine was 
greatly distended and meconium was found between the loops. The ileum was 
turned almost 360° about the mesenterial root. Detorsion was done. The cecum 
and descending colon were immensely distended and filled with meconium and a 
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perforation was noted near the hepatic flexure. In the midportion of the trans- 
verse colon a constricting ring obliterating the lumen of the bowel was evident. 
Distal to the contraction area, the large intestine was found empty and collapsed. 
Application of warm saline solution failed to relieve the contraction. Death super- 
vened six hours after operation. The autopsy findings are the same as the findings 
at operation. The ureter presented spastic contraction. 

Rummert:21 A male, aged 76 years, came to the clinic complaining of severe 
spastic abdominal pain of great severity which had recently been complicated by 
vomiting. Six months previously he changed from the customary mixed diet to a 
raw diet. Obstinate constipation followed and the patient suffered from abdominal 
pain. In the past weeks these pains became more intense. Oatmeal gruel brought 
some relief. Examination revealed a myocardial lesion. A taut, ropelike bocy as 
thick as a finger and tender to pressure was palpable along the course of the trans- 
verse colon. The ileocecal region was distended. X-ray examination revealed nor- 
mal contours of the stomach. The small intestine was filled at the end of eight 
hours and presented fluid levels with considerable gas distention. At the end of 
twenty-four hours, the colon was filled as far as the sigmoid and exhibited marked 
spastic haustration. There were no other pathologic findings. A diet, bellafolin, 
and warm applications over the abdomen produced bowel movements and improve- 
ment. 


Melchior" felt that the chronic torsion of the omentum observed in 
his patient may have caused a disturbance of the innervation which 
manifested itself in the spasm of the transverse colon, although he ad- 
mitted that a purely mechanical compression of the colon by the twisted 
omentum could not be ruled out. Steindl*®® brings forth a few points of 
interest in regard to his case. Histologic examination of the colon gave 
no evidence of pathologie changes. He, too, felt that the spasm in this 
particular area might have been due to an expression of a functional 
disturbance due to disorders of the higher centers in the vegetative 
system. It is interesting to note that in this case the spasm was localized 
to the border area between two systems of innervations. Many observers 
have stated that muscular contractions occasionally occur in such border 
zones. Evidently in these cases there may have been a disturbance in 
coordination between the central nervous and sympathetic systems. 

There were four cases in which spasm of the splenic flexure was 
sufficient to cause an obstruction. To this group I wish to add two 
additional cases of my own, Cases 2 and 3. 

Schmid:23 A female, aged 30 years, had suffered for four weeks from a ‘‘ burn- 
ing sensation’’ in the abdomen, accompanied by colicky pains on the right side, 
associated with vomiting. There was a constant thirst and the patient was very 
nervous. Bowel movements were elicited only with enema, and the stools were 
sometimes black, and at other times covered with a fibrous membrane. Three phy- 
sicians were consulted; one diagnosed the condition an ‘‘inflammation of ovaries,’’ 
another spoke of it as a ‘‘nervous ailment,’’ and the third regarded it as ‘‘90 per 
cent nerves.’’ Upon admission the patient appeared pale. The pulse was 120. 
The heart and lungs were negative. The abdomen was not prominent but slightly 
tender. There was an undefinable resistance across the whole of the lower abdomen. 
The condition was considered to be one of tubercular peritonitis. 

The patient was observed for a period of three days, during which time there 
was nausea, but no vomiting. The bowels moved with difficulty. X-rays revealed 
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a rapid emptying of the stomach with filling of the small intestine. The large in- 
testine did not fill. Exploration was decided upon but the patient died rather sud- 
denly. 

The autopsy revealed a firm constriction in the proximal portion of the splenic 
flexure with hard scybala distal to it. The barium, however, had not proceeded 
beyond the ileum. Examination of the constricted area failed to reveal either a 
tumor or ulceration. There was no compression visible from the outside, nor was 
there evidence of peritonitis. 

Henle:* A male, aged 64 years, was referred to the hospital with a diagnosis 
of ileus and a functional weakness of the heart. Two weeks previously he had 
fallen upon the left side of his chest. For the past two.days he had had general- 
ized abdominal cramps, and during this period he had suffered from obstipation. 
Physical examination revealed some evidence of myocarditis. The abdomen was 
distended but not tender. A diagnosis of pancreatic disease with paralytic ileus 
was made. Operation disclosed no evidence of either pancreatic disease or perito- 
nitis, The transverse colon was greatly distended. There was a definite constriction 
in the region of the splenic flexure. The constriction gradually disappeared after 
manipulation. On the assumption that the condition was one of spastic ileus, the 
wound was closed. The patient died the following day of cardiac decompensation. 
Autopsy showed an arteriosclerosis, moderate in descending thoracic and abdominal 
aortae, but marked in the left coronary artery, There was a brown atrophy of the 
heart. Emboli were present in both main branches of pulmonary arteries. There 
was a hemorrhagic infarct in the left lower lobe and numerous thrombi in the 
prostatic plexus. A paralytic ileus of all intestines with loose agglutination of 
coils of small intestine was noted, 

Brink:2 A male, aged 25 years, well developed, and with no previous history of 
gastric trouble, suddenly took ill with acute abdominal pain referred to the left 
hypochondriae region, and a ‘‘feeling of fulness’’ in the abdomen. The pains in 
the abdomen were colicky in character and were accompanied by severe cramps in 
the calves of the legs and anterior thigh muscles, causing him to scream with pain. 
Morphia injections had no effect on the pain, but atropine eased the attacks. Pa- 
tient was seen twelve hours after the pain started. He had attacks of nausea and 
vomiting, and enemas were ineffectual. The patient was taken to the hospital and 
here an enema gave a slightly colored result but without relief of the pain. The 
physical examination was negative; only slight tenderness and resistance to deep 
pressure over the transverse colon was found. The patient’s general condition, 
pulse and temperature, remained good. He was put on 1/100 to 1/50 gr. atropine 
injections daily as required for the pain, and he was given bromides for his insom- 
nia and anxiety. Further examination of the nervous system, gastric lavage, and 
stools proved negative. Twelve hours later there was a copious bowel movement 
which contained no pathologic elements. After this attacks of moderate severe 
colic recurred, but these were kept in abeyance with 1/150 gr. atropine hypoder- 
mically. Three days later when a contrast enema was given, it was found that the 
barium passed in freely two inches beyond the splenic flexure where it remained for 
fifteen minutes without progressing further. After this period it was decided to 
take a film of this spasm. The patient was turned on his abdomen and a film 
taken. On the film the spasm was still visible but a thin trickle of barium was 
seen to be passing further into the transverse colon. The further progress of the 
patient was uneventful and when last heard of, after eighteen months, he had had 
no further attacks. 

Lichti:9 A female infant was admitted fourteen days after a normal birth. 
Four days before admission to the clinic the infant began to suffer from vomiting 
independent of meals. When first seen the child did not seem to be seriously ill. 
The infant fed well and bowel movements were regular. There was no vomiting 
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during the first two days at the hospital. The abdomen was distended with mete- 
orism. Violent vomiting set in on the third day and stools continued to pass reg- 
ularly. X-ray examination before barium meal showed several fluid levels and ex- 
tremely distended bowels, probably in both small and large intestines. There was 
normal emptying of contrast meal from the stomach and small intestine. Contrast 
meal was visible in the ascending colon at the end of fifteen hours. There was no 
progress at the end of twenty-three hours, Contrast enema revealed abrupt stop- 
page in the middle of the transverse colon. A diagnosis was made of spastic ob- 
struction of passage in the transverse colon. The condition of the infant grew 
steadily worse and vomiting continued. Conservative treatment was ineffectual. 
The infant died on the eighth day after admission with signs of pneumonia. Au- 
topsy showed the small intestine and colon were greatly distended as far as the 
splenic flexure. From the flexure through the other segments the lumen of the 
large intestine was narrowed, There was no organic obstruction. There was prob- 
ably a spastic obstruction of the passage. 


CASE 2.—(No. 386417.) F. K., a female, aged 70 years, was admitted as a pri- 
vate patient on Nov. 5, 1935, and discharged Nov. 21, 1935. Fifteen years before, 
the patient had had an ovarian cyst removed. Six weeks prior to admission she 
had been experiencing pains in the left loin and left upper abdomen. She noticed 
that she was distended and was slightly constipated. She had lost seven pounds 
in weight. Urinalysis and flat plate of the abdomen were negative. <A gastro- 
intestinal series disclosed a constricting lesion in the region of the splenic flexure 
which a barium enema verified and which did not disappear after atropinization. 
The stools were guaiac negative. Physical examination disclosed an elderly female 
with evidence of arteriosclerosis. The abdomen was slightly distended but not 
tender. Under spinal anesthesia and through a left paracostal incision the abdo- 
men was explored, but no pathology was found in the colon. Following operation 
the patient developed a bronchopneumonia which cleared up very slowly. The 
wound healed by primary union. About a month after discharge she developed a 
lobar pneumonia and died. 


CASE 3.—(No. 436200.) M. K., aged 81 years, was admitted to the hospital for 
the first time on Feb. 13, 1939, and discharged Apr. 17, 1939. He entered com- 
plaining of lower abdominal cramps and obstipation of three days’ duration. 
Patient had had an easily reducible right hernia for twenty years which had given 
him no recent trouble. Three days before admission he began to have diffuse 
lower abdominal cramps during which time there was no passage of feces or flatus 
despite enemas. There has been no nausea or vomiting. Temperature at home 
according to the patient was 101°. There has been no melena, rectal bleeding 
or mucus, but in the preceding months the patient had complained of increasing 
constipation. Examination revealed a well-developed, fairly well nourished old man 
who did not appear acutely ill. Temperature was normal. Chest was emphy- 
sematous. Heart was enlarged to the left, and the sounds were of good quality. 
The abdomen was flat and soft. There were no masses and no spasticity. A dis- 
tended cecum could be felt in the right lower quadrant. Rectal examination re- 
vealed bilateral tenderness and there was no visible peristalsis. Blood pressure 
was 170/96. Hemoglobin was 75 per cent, white blood count 14,000 with 75 per 
cent polymorphonuclears. X-ray examination of the abdemen showed a large amount 
of gas in the right half of the colon proximal to the desendens. There was no 
definite indication of gas below this. There was moderate dilatation of the small 
bowel. Barium enema examination showed an obstruction to the passage of barium 
in the region of the splenic flexure. The actual lesion was not demonstrated be- 
cause barium could not be injected beyond this site. 

On Feb. 13, 1939, under local anesthesia and through a McBurney incision, the 
cecum presented into the wound and was very much dilated. The cecum was 
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extraperitonealized and fixed by interrupted sutures to the peritoneum. Iodoform 
packing was placed about the suture line and a few fascial and skin sutures were 
taken. 

On Feb. 14 the cecum was incised without the escape of gas or stool. Tempera- 
ture was 102°; pulse, 30. On Feb. 15 the cecostomy was irrigated with the dis- 
charge of gas and stool. On Feb. 16 temperature was lower and the cecum was 
discharging spontaneously. On Feb. 18 packings were removed. On Feb. 23 barium 
enema x-ray examination made on two separate occasions failed to show any evi- 
dence of an organic lesion in the colon. The region of the splenic flexure was 
particularly studied. On Feb. 24 patient had been passing flatus and stool from the 
rectum for several days. On Feb. 28 the cecum was closed extraperitoneally under 
local anesthesia. Following this the patient made an uneventful recovery and 
was discharged March 17, 1939. He was last seen in March, 1940. His general 
condition was good and his bowels moved once a day. He had an incisional hernia. 


Of the six cases in which spasm of the splenic flexure was the cause 
of the ileus, one presented by Schmid** was thought to have been an 
ileus on the basis of chronic peritonitis. Autopsy showed a constriction 
in the proximal portion of the splenic flexure. A case reported by Henle® 
was diagnosed as acute pancreatic disease accompanied by paralytic ileus. 
At operation a definite contraction was found at the splenic flexure which 
disappeared after manipulation. The patient succumbed and autopsy 
revealed a paralytic ileus with emboli of the pulmonary artery. Henle 
expressed the opinion that the mechanism was caused by pulmonary 
emboli acting reflexly through the autonomic nervous system, thus caus- 
ing a spastic ileus. A case noted by Brink? which occurred in a young 
patient was characterized by intermittent attacks of intestinal obstruc- 
tion. Although fecal vomiting was not present in this case, the severe 
eolicky pain with obstipation made him consider an organic factor as 
responsible in causing the obstruction. A spasm was subsequently ob- 
served in the region of the splenic flexure upon the introduction of 
barium. However, after waiting fifteen minutes and with manipulation, 
the barium trickled through. The case reported by Lichti® in which a 
14-day-old infant was afflicted with an ileus is of unusual interest. X-ray 
seemed to demonstrate the lesion at the midtransverse colon, although 
post-mortem showed a constriction at the splenic flexure. The patient in 
Case 2, in whom a barium enema revealed an obstruction at the splenic 
flexure, was given a course of atropinization. The second x-ray series 
revealed a persistence of obstruction. Operation, however, did not re- 
veal any pathology, the lesion undoubtedly being due to spasm. Case 3 
is of unusual interest because the barium enema revealed an obstructing 
lesion at the splenic flexure. A preliminary cecostomy was performed as 
a decompressive measure. The obstruction appeared relieved. Subse- 
quent barium enemas failed to reveal any lesion in the splenic flexure 
and accordingly the cecostomy was closed. The patient was last seen 
almost a year later and was in excellent condition. 

The most commonly involved site of the large intestine subject to mus- 
cular spasm is either the descending colon or sigmoid, or both may be 
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involved simultaneously. Spasm in this location is not a rare preopera- 
tive finding nor an unusual postoperative complication. It is, as a rule, 
transient and of little significance. However, it may be the cause of the 
obstructive symptoms, as is attested by the cases reported by Korte,’ 
Guillaume,‘ Lichti,® Schaeffer,?? Sohn,?* and Cases 4 and 5 of my own 
present series. 


Korte,7 Case A: A male. aged 68 years, was admitted to the hospital with 
an intestinal obstruction of three days’ duration. A laparotomy showed intense 
contraction of the descending colon and sigmoid flexure. A cecostomy was per- 
formed. Death occurred on the following day and autopsy showed ‘‘ parenchymatous 
nephritis, spasm of sigmoid.’’ No tumor or other cause for the obstruction was 
found. 


Korte,7 Case B: A female, aged 69 years, was taken ill on Nov. 28, 1912, with 
all the symptoms of intestinal obstruction manifested by feculent vomiting and 
ineffectual enemas. <A diagnosis of intestinal obstruction was made. A laparotomy 
performed on Nov. 30 showed an ‘‘enterospasm in the lower portion of the small 
intestine, descending colon and sigmoid flexure, but no mechanical obstruction.’’ 
The bowel was sponged with saline solution. An evacuation followed four days 
later after the administration of castor oil. She was discharged well on the twenty- 
fifth day. 


Korte,7 Case C: A female, aged 75 years, was admitted with an intestinal 
obstruction of four days’ duration. A diagnosis of a tumor or strangulation of 
the bowel was made. The cecum was found to be greatly distended and a cecostomy 
was provided. The first evacuation through artificial anus occurred seven days 
after operation. Since there were no bowel movements by the natural route, a 
tentative diagnosis of stenosing carcinoma of the intestine was made, and a second 
laparotomy was performed eight months later. No tumor or other obstruction 
was found, but the colon, especially in the sigmoid flexure, was contracted and had 
a ropelike appearance. A cecosigmoidostomy was performed and eleven days later 
an ileostomy. Death occurred eight days after the last operation. Autopsy revealed 
no evidence of peritonitis and no obstruction of the intestine. There was no history 
of abnormal nervous phenomena. 


K6rte,7 Case D: A female, with a previous history of ulcerative colitis with 
recovery in 1907, was admitted in 1921 for increasing constipation, severe intestinal 
colic, and perceptible intestinal contraction. A tentative diagnosis of intestinal 
obstruction due either to adhesions or cicatricial stricture was made. Laparotomy 
showed that the colon as far as the sigmoid flexure was tightly packed with hard 
fecal masses and that the pelvic colon was intensely contracted. There were no 
other abnormal findings. A left-sided colostomy was performed. Four months 
later the intestinal function was normal. The condition was unchanged in 1923. 


Korte,7 Case E: A male, aged 56 years, gave a history of periodic attacks of 
intestinal colic for the past four or five months. There was meteorism. A rope- 
like formation was palpable in the region of the sigmoid flexure. A laparotomy 
showed a spasm of the small intestine and intensely contracted, ropelike sigmoid 
flexure. Recovery took place. 


Guillaume: A male, aged 30 years, was first seen five days after a sudden 
onset of colic marked by constipation. From then on he gradually lost appetite, 
was nauseous, but did not vomit. X-ray examination without barium meal showed 
no gaseous distention. Believing that this condition was due to a spastic state 
of the intestine, the author prescribed belladonna. The colics were mitigated, but 
the condition remained unchanged. Another roentgenogram taken two days later 
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still showed no occlusion, and belladonna was continued. Meteorism was marked, 
but the patient could pursue his occupation. When a new roentgenogram taken 
at the end of six days showed no abnormality, the author ordered a barium enema. 
The rectum and sigmoid were easily filled, but at the junction of the latter with 
the descending colon the contrast medium could not proceed. When the pressure 
was greatly increased, the obstruction suddenly yielded and the barium spread 
through the colon. The enema produced immediate evacuation of large quantities 
of feces and gas but no blood. The abdomen resumed normal dimensions. A new 
x-ray examination on the following day disclosed no deformation of the intestine. 
Two weeks later, with intestinal function normal, disorders of surface and deep 
sensibility developed, and a paraplegia was diagnosed. , Serologic examination in- 
dicated syphilis. The paraplegia disappeared on treatment. In the twelve-year 
period which elapsed since the patient came under observation, frequent follow-up 
examinations have shown no intestinal symptoms. 


Lichti:? A male infant was seen two days after a normal birth. There was a 
history of vomiting of greenish stomach content. An extreme degree of meteorism 
was present. An enema induced an evacuation of meconium. X-ray examination 
showed an ectatic stomach and one-half hour later the barium particles in a hori- 
zontal direction were probably in the duodenum. The findings remained unchanged 
at the end of five hours. At operation the entire duodenum was found in a state 
of extreme spastic contraction, but under the eye of the surgeon the duodenum 
gradually returned to its normal condition. No other abnormality was noted in 
the gastrointestinal canal. The vomiting ceased after operation but recurred on 
the following day with greater violence. Several hours later the infant died with 
symptoms of aspiration pneumonia. Autopsy showed the small and large intestines 
greatly distended. The distal end of the sigmoid at the junction with the rectum 
was well contracted. Congenital megacolon. The cause of death was obscure. The 
disorder of motility in the small intestine was verified at operation and a similar 
finding in the sigmoid flexure was apparent from the post-mortem report. 


Sohn:24 A female, aged 45 years, was admitted with a five-day history of 
obstipation. Two days before she suffered from eructations and then vomiting, 
first of the stomach content and later of feculent nature. She also complained 
of intermittent violent colicky pains. The attending physician referred the patient 
to the hospital with a diagnosis of ileus. Physical examination disclosed a nervous 
patient. Her temperature was normal and the pulse was accelerated. The pupils 
reacted promptly to light and in accommodation. There were no hysteric stigmas. 
Dermographism and exaggerated patellar reflexes. The abdomen was greatly dis- 
tended and both lower quadrants were tender. Peristalsis was perceptible through 
the abdominal wall. Enemas were ineffectual. The diagnosis of mechanical ileus 
was confirmed, and operation was performed under ether anesthesia. The sigmoid 
flexure, of anemic appearance, was in a state of spastic contracture. A flat ribbon- 
like body was felt which was interpreted as being a tapeworm, but which proved to 
be a flattened scybala. The mucosa of the band was rather dry and there were no 
ulcers, no sign of inflammation, and no other foreign body visible. Two days 
later the contraction still persisted and a colostomy above the constricted area 
was performed. - About a month later stools began to pass by the natural route. 
The patient was discharged two weeks later. The artificial anus was permitted 
to remain as a safety measure. She was readmitted eight months later for closure 
of the colostomy and discharged three weeks later cured. 


Schaeffer:22, A man, aged 37 years, previously healthy, suffered from recurrent 
disorders of subjective sensibility and paresthesias associated with paretic symp- 
toms said to be of six years’ standing. In some instances the symptoms were hemi- 
plegic, in others monoplegic. They recurred once a year or more often, lasting 
from several weeks to several months. Recovery was always spontaneous. The 
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patient was admitted with severe gastrointestinal symptoms in addition to neurotic 
symptoms. He received sulfarsphenamine injections and left the hospital after 
two months. A little more than two weeks after discharge he was brought to the 
hospital in a state of profound stupor. He seemed disoriented and would not 
eat. There had been constipation for several days, meteorism, and vomiting of 
greenish stomach contents. His pulse was good and there was no tachycardia. 
The abdomen was greatly distended and the ‘‘intestine stood out in relief.’’ There 
was no visible peristalsis. Rectal examination was negative. A tentative diagnosis 
of mechanical occlusion in the colon or the sigmoid was made and laparotomy was 
performed under local anesthesia. The descending colon was found to be distended 
to the size of a forearm. Rapid digital exploration of the abdominal cavity dis- 
closed no abnormal condition. A cecostomy was done. The meteorism passed off 
very slowly, and vomiting and eructations did not cease until several days after 
operation. Six days postoperatively, x-ray examination demonstrated normal passage 
and the absence of any obstructions in the colon. The neural symptoms persisted 
for six months. After discharge the patient resumed his usual occupation and did 
not seem to suffer from any functional disorder. 


CASE 4.—(No. 417595.) This was the second admission of A. 8., aged 64 years, 
admitted Dec. 8, 1937, and discharged Jan. 16, 1938, who had undergone a partial 
gastrectomy ten years before for prepyloric ulcer. He had apparently been free 
of all his previous attacks since operation. Eight months ago he had suffered an 
attack of precordial pain which had been diagnosed as due to coronary thrombosis. 
In the six days before admission the patient had noted generalized abdominal 
cramping pain, obstipation, and progressive vomiting and distention. Enemas had 
been ineffectual except for a slight amount of gas passed just before hospitalization. 

Physical examination disclosed a somewhat emaciated, elderly white male. The 
pharynx was moderately injected with a marked postnasal drip. The chest was 
emphysematous but the lungs were clear. The heart was not enlarged. The sounds 
were of poor quality and slightly irregular. Blood pressure was 130/60. The abdomen 
was soft and moderately distended. Occasional peristaltic waves could be seen. 
There was a well-healed, midepigastric scar present and an easily reducible left 
hernia. Rectal examination was negative. Hemoglobin, 82 per cent; urea nitrogen, 
1 mg. per 100 c.c.; sugar, 95; chlorides, 560; CO,, 61.2; volume, 10; Wassermann, 
negative. Urine was negative except for transient acetonuria. Electrocardiogram 
showed evidence of myocardial damage. X-ray of the abdomen showed marked 
dilatation of colon with gas and feces but no gas was demonstrated in the rectum. 
Barium enema examination showed an obstructing lesion in the midsigmoid about 
two inches in length which had the appearance of a neoplasm, 

Soon after admission a right McBurney incision under local anesthesia was 
made. The cecum was enormously distended and a Kader type of valvular cecostomy 
was performed with a de Pezzer catheter. Postoperatively, the cecostomy drained 
well, the abdomen became less distended, and the pain diminished. Two days later 
he showed signs of myocardial infarction. Oxygen therapy was instituted and 
the condition improved sufficiently so that two weeks later he was re-explored under 
ethylene anesthesia. There was a large redundant sigmoid, a band of adhesions, 
and some indurated chronic inflammatory tissue on the mesenteric side of the colon, 
possibly due to diverticula. These pathologic findings may have reflexly produced 
a spasm of the sigmoid. 

On the second postoperative day the patient developed irregular temperature, 
dyspnea, cyanosis, and signs of pneumonitis in the left lower lobe. With oxygen 
and supportive therapy this subsided and the postoperative care was uneventful. 
The wound healed well and cecostomy drainage gradually diminished. Rectal move- 
ments occurred spontaneously. Sixteen days postoperatively patient was discharged. 
He was readmitted Apr. 22, 1938, and discharged May 11, 1938, for an extraperi- 
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toneal closure of the cecostomy under ethylene anesthesia. This postoperative course 
was uneventful. He’was last seen on Dec. 6, 1939, and was well, although he com- 
plained of constipation which could only be relieved by cathartics. 


CasE 5.—(No. 439833.) This was the first admission of F. Z., aged 71 years, 
an inmate of the Home for Aged, who for the past several years had had frequency 
of urination and occasional dribbling. He was admitted on May 3, 1939, and 
died on May 9, 1939. For the past thirty years he had had a chronic cough 
productive of a small amount of foul sputum. For six months he had had episodes 
of paroxysmal nocturnal dyspnea. For the past seven years he had had diabetes 
controlled by diet. Three weeks before admission the patient noticed swelling 
of the abdomen, and a week prior to admission he had severe abdominal cramps 
necessitating daily enemas which were effectual. Except for constipation he had 
no previous gastrointestinal symptomatology. 

Physical examination disclosed a senile, undernourished male with evidence of 
recent loss of weight. Chest was emphysematous and both lung bases showed 
numerous coarse moist rales. The heart was not enlarged; there were no murmurs 
but extrasystoles. Blood pressure 158(?)/70. Marked peripheral sclerosis. Abdo- 
men was markedly distended and tympanitic except suprapubically, where the out- 
line of a distended bladder was felt. Increased peristaltic sounds were audible. 
The liver was palpable two fingers below the costal margin. Rectal examination 
disclosed the prostate to be enlarged, firm, and slightly irregular. Urine showed 
specific gravity of 1.015; albumin, 1 plus; occasional W.B.C.; urea nitrogen, 
29 mg. per 10 ¢.c.; sugar, 155; and chloride, 560. Wassermann was four plus. 
Flat plate of the abdomen showed marked distention of the large bowel and some 
distention of the small bowel. Barium enema was done and showed obstruction 
to the passage of barium in the region of the sigmoid with dilatation of the bowel 
above. However, since the actual site of the obstruction could not be demonstrated 
because satisfactory films were not obtainable, a positive diagnosis of neoplasm 
could not be made. 

Because of the marked obstruction unrelieved by enemas, a tube cecostomy was 
performed under local anesthesia. In delivering the cecum into the wound, it was 
found to be distended, but immediately collapsed upon manipulation. 

Following operation the patient did not do well, but developed signs of pulmonary 
congestion. His bowels moved following oxgall enemas through the cecostomy and 
his obstruction was relieved. He died five days after operation. The post-mortem 
disclosed that the cause of death was a bronchopneumonia. There was no patho- 
logie lesion in the sigmoid, although there was definite dilatation of the sigmoid 
above an area below which the bowel was of normal diameter. 


Spasm of the sigmoid, however, may act as the cause of a postoperative 
obstruction. Cases of this nature were noted by Pankow" and Potot- 
schnig.”° 


Pankow:17 An unmarried female, aged 40 years, was admitted to the hospital 
for intense pain in the right side, accompanied by sweating, chills and vomiting, 
from which she suffered off and on for one and one-half years. There had also 
been gradual increase of girth and difficulty in urinating. (Conjunctival and 
pharyngeal reflexes were present, and patellar reflexes were not increased.) The 
patient had a sense of lassitude and complained that her legs were often swollen. 
She slept well and complained of neither headaches nor dizziness. The rectal 
examination disclosed a tumor of the uterus, the size of a man’s head. The rectum 
was displaced to the left. A diagnosis of myoma uteri was made. Operation was 
attended with great difficulty and the mesocolon was torn away almost completely 
from the sigmoid flexure. The rectum was opened but immediately closed. The 
right ureter and kidney were dilated so that nephrectomy and excision of the right 
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ureter were performed. The postoperative course was stormy. From the fifth 
day there was no flatus. From the sixth day on the patient complained of pain 
and tightness in the abdomen. Two or three enemas daily produced no bowel move- 
ments or flatus. On the eighth day the patient began vomiting, and fecal vomiting 
became apparent on the tenth day. The pulse was small (130 to 140). An ex- 
ploratory laparotomy was performed on the tenth day. There were no peritonitis 
and adhesions. The colon descendens and sigmoid flexure were firmly contracted, 
resembling a rope the width of the little finger. The rectum was of normal width. 
A colostomy was performed and the patient was discharged thirty-six days after 
the second laparotomy, but was reexamined at frequent intervals. She had no 
recurrence of her symptoms, and about three months later the colostomy was closed. 


Pototschnig:2° A soldier, aged 22 years, was on the way to the front. Fol- 
lowing a large meal, he felt gastric and abdominal pain, complained of weakness, 
and began to vomit. There were no bowel movements. Spontaneous improvement 
oceurred two days later. Four days later (six days after the onset) he was ad- 
mitted with the same symptoms. A diagnosis of intestinal obstruction was made. 
Prior to operation the stomach was washed, producing a considerable amount of 
fluid stomach content mixed with undigested solid food and bile. The abdominal 
distention disappeared and the abdomen became soft. This development cast doubt 
on the first diagnosis, and either an acute dilatation of the stomach, or an arterio- 
mesenterial occlusion of the duodenum was now considered. Rectal examination 
was painful. The pulse was rapid and of low tension. Exploratory laparotomy 
disclosed nothing abnormal with the exception of some circumscribed perityphlitic 
adhesions. An appendectomy was performed. The patient tolerated the operation 
well, and his condition on the following day was satisfactory. On the second day 
after operation there was a renewed attack of abdominal pain, the third since the 
onset, with vomiting. The patient rapidly deteriorated and died the following 
day. An autopsy was performed three hours after his death. About 50 em. from 
the duodenojejunal flexure, there was an annular constriction of the small intestine, 
and in the sigmoid flexure, a similar constriction. Both could be effaced by simple 
traction of the intestinal walls. The mucosa was normal, and there was no ulcera- 
tion or cicatrization. 


While the pathology of the area involved shows very little as a rule, in 
the case reported by Biernath' the post-mortem examination revealed the 
distention of the bowel 25 em. from the anus due to a stricture impassable 
even to the little finger. The mucosa was intact and appeared normal. 
The only pathology findings were several small diverticuli, one of which 
was adherent to the bladder. The involved area presented hypertrophy 
of the musculature over a segment of 5 em. Microscopically there was no 
inflammation. The conclusion reached was that the condition represented 
an idiopathic hypertrophy of the intestinal musculature. 


Biernath:1 A male, aged 50 years, was admitted to the hospital with a tentative 
diagnosis of appendicitis. On admission the patient presented very marked symp- 
toms of a chronic ileus but operation did not appear urgent. X-ray examination 
with bismuth enema indicated a stricture interpreted as carcinoma in the distal 
portion of the sigmoid flexure. The enema was evacuated the same evening. Dur- 
ing the night the ileus became complete, but despite immediate operation, intestinal 
paralysis had advanced to such an extent that enemas given through the colostomy 
were ineffectual. The patient died. At post-mortem a stricture impassable even 
for the little finger was discovered at a distance of 26 cm. (the report given in 
Zentralbl. f. Chir. 40: 1820, 1913, states 12 cm.) from the anus. The mucosa 
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was intact, and no ulcerous or cicatricial processes could be seen. The only path- 
ologie findings were several small diverticula, one of which was adherent to the 
bladder. The involved area presented hypertrophy of the musculature over a seg- 
ment of 5 cm. in length. Tuberculosis, syphilis, and gonorrhea could be ruled out. 
Microscopically there was no inflammation, not even small-cell infiltration. The 
conclusion reached was that the condition presented an idiopathic hypertrophy of 
the intestinal musculature. 


Several factors become quite evident after a study of these recorded 
cases. Both sexes appear equally susceptible. The age of onset of this 
condition is variable. It has been observed in infants, and, while the 
majority of cases have been in the third and fourth decades, the ages in 
our series were 48, 60, 71, 70, and 81 years respectively. This old-age 
group is especially interesting in view of the fact that many authors have 
emphasized the existence of a neurotic background, especially in the 
young. They stress that patients subject to this particular syndrome are, 
as a rule, of a hysterical type. While this is undoubtedly true in many 
instances, it cannot be universally applied. 

The history obtained in these cases is similar to that obtained in any 
patient suffering from an intestinal obstruction. It has very little, if 
anything, to differentiate it from an ileus due to the other countless in- 
trinsic and extrinsic lesions which obstruct the intestinal flow. The char- 
acter, the intensity, and the type of pain, the degree of vomiting, the 
obstipation, and the extent of the abdominal distention vary as to the 
site of the lesion and as to the degree and the extent of the muscle spasm. 
The history may be either one of mild episodes of recurrent attacks of 
cramps and nausea, or it may be a severe attack of abdominal pain as- 
sociated with persistent vomiting, at first gastric in character, then sub- 
sequently feculent. However, the physical examination as a rule does 
not disclose a patient too acutely ill. The abdominal distention is variable 
and intestinal erections with or without visible peristalsis may be present. 
The spastic bowel may occasionally be palpated as a hard, firm tumor. 
This finding, however, is subject to great variations, for the mass may 
entirely disappear at subsequent examinations or appear to migrate to 
other quadrants of the abdomen. 

If any means at our present command were to be of aid in the dif- 
ferential diagnosis of this type of obstruction from one due to a stenotic 
malignancy, some help might be obtained by a eareful study of colonic 
roentgenograms and fluoroscopy. The x-ray findings in these cases do 
not show the characteristic findings usually ascribable to a malignancy. 
An immediate obstruction to the flow of a barium enema is usually ap- 
parent. However, with a little care and skillful manipulation, the spasm 
may relax and the barium pass freely into the remainder of the large 
bowel. In two of our series a colonic obstruction was noted, but the 
roentgenologist stated that the appearance was not characteristic of the 
type usually produced by the presence of a malignancy. 
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Inasmuch as the diagnosis of a spastic ileus of the large bowel is 
rarely made, the therapy in these cases is usually that which is accorded 
to any patient suffering from an acute intestinal obstruction, that of 
surgical exploration. If the evidence is sufficient to suspect muscular 
spasm and if the patient is not too acutely ill, conservative therapy may 
be instituted for a time. If there is definite evidence by x-ray examina- 
tion that the small intestine is dilated as well as parts of the large bowel, 
a decompression may be attempted by the passage of the Miller-Abbott 
tube. In the past, however, belladonna and external heat have been ap- 
plied in an attempt to prove therapeutically that the lesion is due to 
spasm. This is not always successful, as demonstrated in Case 2, though 
successes have been obtained by the use of drugs. The majority of these 
cases have been explored, and it is from this surgical experience that our 
knowledge of the pathology of this unique condition has been gathered. 
If a definite spasm is recognized as causing the obstruction, and the re- 
sulting ileus and the distention are not too severe, nothing need be done, 
and the majority of these patients do-well subsequently under conserva- 
tive therapy, but in many cases the ileus has been so marked that definite 
decompression measures were indicated. lIleostomy, cecostomy, and 
colostomy proximal to the point of obstruction have often been life- 
saving measures. In the majority of instances these procedures have 
been done as preliminary measures in the belief that an actual obstruct- 
ing lesion existed distally, without actually verifying its presence by 
further exploration at the time. It is, therefore, most important that 
before any subsequent operation is undertaken to remove a primary con- 
stricting lesion another series of postoperative x-rays be taken to verify 
the cause of the obstruction. This simple expedient may save the patient 
an unnecessary procedure. In Case 3, in which a malignancy was 
thought to be present, subsequent barium enemas revealed the fact that 
the so-called lesion had disappeared and was evidently the result of a 
spasm. Case 4, in which a malignant lesion of the sigmoid was sus- 
pected, was re-explored following a cecostomy. The exploration was 
practically negative. If another x-ray series had been taken, this pa- 
tient might have been spared an unnecessary operation. The postoper- 
ative course in most of these patients is not particularly stormy. In Case 
1, however, in which an organic lesion just distal to the cecum was sus- 
pected as a result of several x-ray examinations, operation revealed no 
intrinsic pathology and only the presence of a few adhesions. Postopera- 
tive course was characterized by a reflex ileus of such magnitude that 
evisceration took place. Following conservative therapy, however, this 
subsided and, since discharge, the patient has had no other attacks of 
obstruction, although the x-ray picture still shows a tendency to spasm 
in this area. 

If either an ileostomy or cecostomy is performed, the tube may be 
withdrawn as soon as the normal bowel habit has been established. This 
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may vary from a few days to weeks. For some unknown reason these 
spasmodic episodes are not apt to recur following operative intervention 
and the majority of these patients who have been followed for years re- 
main well. 


SUMMARY 


The etiological factors, the pathology, the clinical history, the physical 
findings, and the operative procedure in cases of intestinal obstruction 
due to spasm of the colon are discussed. Cases from the literature are 
briefly abstracted and five new cases are reported in detail. 
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EMERGENCY LAMINECTOMY FOR ACUTE EPIDURAL 
ABSCESS OF THE SPINAL CANAL* 


Report oF Four Cases W1tH RECOVERY IN THREE 


H. Ecuotrs, M.D., NEw LA. 


(From the Division of Neurosurgery, School of Medicine, Tulane University and 
the Tulane Surgical Service at Charity Hospital) 


CUTE epidural abscess of the spinal canal is an important though 

little known disease which needlessly kills many people every year. 
Statistical proof of this statement is lacking, but convincing evidence of 
its veracity will be presented here. As was true in the case of pyogenic 
abscess of such organs as the lung, brain, and liver, reiteration will be 
necessary to make physicians aware of the disease. Moreover, it is even 
more important to make an early diagnosis of abscess within the spinal 
canal than it is in the case of abscess of the various organs. An extra- 
dural abscess within the spinal canal rapidly produces paralysis of the 
legs and urinary bladder. Failure to drain these abscesses within a few 
hours after paralysis and anesthesia of the legs have become complete 
results in permanent paraplegia, if not death. 

The clinical picture of acute epidural abscess of the spinal canal is 
constant enough to insure recognition if the disease is kept in mind. A 
patient who is recovering from multiple boils on the buttocks or else- 
where begins to have an unexplained fever. At about the same time he 
complains of severe pain in the back which radiates to one or both sides 
of the thorax. Within a few days the legs become weak and cutaneous 
sensation below the level of the pain diminishes. Fever continues, leuco- 
eytosis is demonstrable, and the spine becomes exquisitely tender. 
Within forty-eight hours of the onset of weakness the legs become com- 
pletely paralyzed and urinary retention develops; shortly after, all 
forms of sensation below the level of the lesion are lost. If surgical 
treatment is not employed at this stage or sooner, the patient dies from 
extension of the infection, ascending pyelonephritis, or pyemia. If, on 
the other hand, the presence of an abscess in the spinal canal is sus- 
pected shortly after the onset of paralysis, the diagnosis may be verified 
by spinal puncture. Demonstration of a spinal fluid block indicates that 
the patient has an extradural abscess and not an infection of the cord 
itself. The surgical removal of a mass of pus and granulation tissue 
relieves the compression of the spinal cord and its blood supply. The 
degree of residual paralysis, if any, depends upon the degree of irrevers- 
ible change produced in the spinal cord by compression and ischemia. 


*Read before the American Academy of Neurological Surgery, Cleveland, Ohio, 
Oct. 22, 1940. 
Received for publication, Nov. 25, 1940. 
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Because of past efforts, particularly of Weilbaecher,' the interns and 
residents at Charity Hospital in New Orleans recently became alert to 
the existence of this disease entity. This undoubtedly accounts for the 
surgical treatment of four such cases by me within a period of one year. 
All four of the patients were practically totally paralyzed prior to 
laminectomy. Three are now able to walk and have control of the 
urinary bladder. The other patient died from empyema. The report of 
these four cases follows :* 


CASE 1.—H. P., a white boy, aged 7 years, was admitted to Charity Hospital in 
New Orleans, Feb. 3, 1939, complaining of pain in the lower part of the chest. 

Nearly three months before the patient had furuncles on the lips, thigh, wrists, 
and back. Two weeks before entering the hospital he was put to bed following 
a head cold because of severe pain in the lower thoracic spine which radiated to 
the front of the chest. Five days before admission the boy complained of weakness 
of the legs. During this illness he had a temperature varying from 99 to 102° F. 
When the patient was admitted to the hospital, his legs were too weak to permit 
standing and he was unable to urinate. The temperature was 100° F., the pulse rate 
115, and the white blood cell count numbered 16,350. A tentative diagnosis of 
acute anterior poliomyelitis was made. By the third day paralysis of the legs 
became complete. The ankle jerks could be obtained, but the patellar reflexes 
were absent. The Babinski sign was present bilaterally. There was practically 
complete anesthesia below the level of the umbilicus. A neurosurgical consultation 
was requested. Fluoroscopy following the injection of 1 ¢.c. of lipiodol into the 
lumbar subarachnoid space demonstrated a complete spinal block at the level of 
the tenth dorsal vertebra. Nearly eighteen hours later at operation under local 
anesthesia numerous small pockets of pus were found in the epidural space. The 
epidural fat was hemorrhagic and edematous and invaded with granulation tissue. 
The infected material was removed, thus exposing the dural sac for a distance of 
about 10 em. The sac began to pulsate. A rubber drain was laid in the wound 
and the skin was partially closed. The bacteriologist reported the Staphylococcus 
albus in the pus. 

By the sixth postoperative day the patient moved the left leg and the toes of 
the right foot. The wound drained for several weeks before healing. Physical 
therapy was instituted and eventually the patient could walk unaided. The child 
was fitted with a back brace and discharged from the hospital on the one hundred 
and sixth postoperative day. In the fall, still wearing the brace, he was able to 
attend school. He was again seen on March 19, 1940, at which time examination 
disclosed a spastic paresis of the legs. He walked with a waddling gait, bending 
slightly forward and swaying from side to side. There were no sensory disturbances 
and the bladder and bowel functioned normally. 


CASE 2.—G. M., a white man, aged 31 years, was admitted to Charity Hospital 
in Now Orleans, July 14, 1939, complaining of pain in the chest, abdominal cramps, 
weakness of the legs and malaise. 

Two months before admission the patient had had an attack of influenza, which 
was followed by slight deafness and pain in the right ear. On June 25 a mastoidec- 
tomy was performed. Convalescence was uneventful until July 10, when, following 
exposure to rain, he experienced pain in the lower part of the chest on the right 
side. On the day of admission the legs were weak and stiff and the bladder was 
paralyzed. 


*Case 1 has been previously reported by Weilbaecher.1 Cases 2 and 3 appeared in 
the June, 1940, issue of the New Orleans Medical and Surgical Journal as case presen- 
tations before the Orleans Parish Medical Society. 
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Examination divulged a temperature of 101° F., stiff neck, abdominal distention 
and tenderness, spastic paresis of the lower limbs, and diminished sensation below 
the level of the xiphoid process. Spinal puncture the day after admission pro- 
duced clear fluid containing only one cell per cubic millimeter. Compression of 
the jugular veins caused no rise in the pressure of the fluid. By the next day 
complete flaccid paralysis of the legs had developed. A diagnosis of epidural spinal 
abscess was made and a neurosurgical consultation requested. The spinal puncture 
was repeated, the spinal block was verified, and 1 c¢.c. of lipiodol was injected 
into the subarachnoid space. Under the fluoroscope, with the head of the table 
lowered, the lipiodol was seen to stop at the level of the fifth dorsal vertebra. 
Operation under local anesthesia was performed immediately, the fourth, fifth, 
and sixth dorsal spinous processes and laminae being removed. Pus escaped be- 
fore the bone removal was completed. Two separate pockets of pus were found, 
each containing 1 ¢e.c. <A layer of granulation tissue occupying the epidural space 
was removed as completely as possible. The wound was loosely packed with strips 
of vaseline gauze. Culture proved the organism to be nonhemolytie streptococcus. 
The patient gradually improved postoperatively with eventual subsidence of fever 
and by the seventeenth postoperative day could move his legs slightly. Physical 
therapy was instituted. By the twenty-eighth postoperative day the patient was 
able to walk short distances with crutches. He was discharged in fair health on 
Oct. 10, 1939, after fifty-nine days in the hospital. Four months later on Feb. 
12, 1940, anesthesia had completely disappeared and the bladder function was 
practically normal. He is now walking with the aid of a cane and has returned 
to work in a newspaper office. 


CASE 3.—E. C., a white man, aged 22 years, was admitted to Charity Hospital 
in New Orleans, Dee. 5, 1939, complaining of boils on the buttocks. These lesions 
had appeared about sixteen days prior to admission and had been incised. 

The patient was acutely ill, as evidenced by a flushed face, clouded sensorium, 
fever, tachycardia, and rapid respiration, A diagnosis of Staphylococcus aureus 
septicemia was made by means of blood culture and the patient was given staphy- 
lococciec antitoxin, blood transfusions, and 2-(p-aminobenzenesulfonamido) -pyridine 
(sulfapyridine). He gradually improved and was practically ready to go home 
when, on Jan. 9, 1940, he experienced severe pain in the regions of the midthoracic 
spine and the sternum. The temperature on that day reached 100.6°. During 
the next two days the legs became paralyzed, sensory perception below the xiphoid 
process diminished, and catheterization of the urinary bladder became necessary. 
Tenderness pervaded the region of the sixth dorsal spinous process. The white 
blood cell count rose to 19,400. Spinal puncture with jugular compression showed a 
complete subarachnoid block. Fluoroscopy following the instillation of 0.5 ¢.c. of 
lipiodol indicated that the lower border of the block was at the seventh dorsal 
vertebra. 

A few hours later under general anesthesia an incision was made with the elec- 
trosurgical knife. The spines and the laminae of the fourth through the seventh 
dorsal vertebrae were removed. Pus escaped from the epidural space as soon as the 
ligamentum flavum was opened. The granulation tissue encountered was so tenacious 
and vascular that nearly one and one-half hours were required to obtain adequate 
exposure of the dural sac. 

Immediately prior to operation the patient was totally paralyzed except for 
slight movement in the toes of the left foot. A few days after operation he could 
move both legs without difficulty; he urinated voluntarily on the ninth day. When 
last examined four months after operation the patient was entirely well except 
for slight weakness of the right lower limb. The bladder and bowel were func- 
tioning normally and he was entirely free from pain or other complaints. 
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Case 4.—E. C., a white man, aged 18 years, was admitted to Charity Hospital 
in New Orleans, June 30, 1939, complaining of pain in the chest. The patient 
gave a history of a recent boil on the elbow. One week before admission he felt 
a sharp pain in the back of the chest. On June 25 severe frontal and occipital 
headache appeared. The day before admission he experienced difficulty in moving 
his legs. On the day he entered the hospital, he could not move the legs at all 
and could not void. 

Examination disclosed flaccid paralysis of the lower limbs, diminished sensation 
below the level of the xiphoid process, and a distended urinary bladder. Fever 
and leucocytosis were demonstrable. The spinal fluid, was clear. Queckenstedt’s 
test was not performed. , 

A neurosurgical consultation was requested on the following day. Spinal punc- 
ture revealed a complete block. Tenderness and redness extended over the fifth, 
sixth, and seventh spinous processes. Anesthesia and paralysis below this level 
were complete. Although the prognosis was considered to be practically hopeless, 
laminectomy was immediately performed under general anesthesia. Pus was found 
in the paravertebral muscles as well as in the epidural space. The offending or- 
ganism was Staphylococcus albus. The laminectomy wound eventually granulated 
in and epithelized but the patient died of empyema on the seventy-sixth postopera- 
tive day. 


Incidence.—The incidence of epidural spinal abscess is not known, but, 
according to Hirschfield and Yaskin,? the disease was recognized in Italy 
as early as 1820 by Bergamaschi.* The literature was reviewed in Ger- 
man by Schmalz‘ in 1925; in French, by Veraguth and Schnyder® in 
1929 ; and in English, by Dandy® in 1926, Gasul and Jaffe’ in 1935, and 
Campbell* in 1937. In 1926 Dandy® stated that he had never seen a 
patient with an abscess of the extradural space either during life or at 
necropsy but that he had been able to collect twenty-five cases which had 
appeared sporadically in the literature up to that time. In 1935 Gasul 
and Jaffe’ collected sixty-four cases from the literature and added three 
of their own. It is noteworthy that in only a few textbooks is the condi- 
tion mentioned. At first glance these facts suggest that the disease is 
rare. However, there are sufficient reasons to believe that not the dis- 
ease but its recognition and surgical treatment are rare. This is attested 
by the fact that, although Weilbaecher' was able to find only one case 
from a search of the records at Charity Hospital in New Orleans for 
the period from 1906 to 1937, seven cases have been recognized since 
then. Further evidence that the disease probably occurs relatively fre- 
quently is indicated by the fact that Mixter and Smithwick® have per- 
sonally observed ten cases. Certainly many children and adults develop 
transverse myelitis every year. Probably some of the cases which are 
diagnosed clinically as poliomyelitis, infectious myelitis, syphilis of the 
spinal cord, spinal meningitis, and apoplexy of the cord are in reality 
eases of metastatic epidural spinal abscess. Since Gasul and Jaffe’ re- 
viewed the literature in 1935, scattered reports of cases have appeared 
with increasing frequency.” * 1°-3 
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Location.—An understanding of the anatomy of the epidural space 
helps but does not entirely succeed in explaining why these abscesses 
localize in certain parts of the spinal canal. The spinal epidural space, 
which is filled with fat, loose areolar tissue, and blood vessels, is located 
on the dorsal and lateral aspects of the dura. Ventral to the spinal 
nerves the dura is closely applied to the bodies of the vertebrae and 
their ligaments so that the epidural space on the anterior aspect of the 
cord is only a potential one. This is true from the first cervical vertebra 
to the second sacral segment; below this point the epidural space sur- 
rounds the dural sae. 


The epidural space is not uniform in size throughout its length. This 
was observed by Dandy,*® who, in 1926, made an investigation of the sub- 
ject. In its upper portion, the cervical region, the space is only potential. 
The epidural space really starts at the seventh cervical vertebra, gradu- 
ally increasing in size until it reaches the middle third of the dorsal 
spine and tapering off slowly until it is quite shallow between the 
eleventh thoracic and second lumbar vertebrae. Between the second 
lumbar and the sacral vertebrae the epidural space involves the largest 
area. 


It has been noted that these abscesses, with few exceptions, are located 
posteriorly. However it is not only anatomically possible for epidural 
abscesses to occur in the anterior part of the vertebral canal, but five 
such cases have been reported.” *4-?° Most abscesses localize in the tho- 
racic region. Why they do not occur more frequently in the larger lum- 
bar and sacral epidural spaces is not definitely known, but the fact is 
possibly related to the vascular supply of these regions. Although some 
of these infections become circumscribed, others have been known to ex- 
tend the length of the epidural space (Weilbaecher’s second case and 
others). 


Etiology.—Infections in the epidural space may occur by direct exten- 
sion from suppuration in adjacent tissues or by metastasis from a dis- 
tant focus through the blood or lymph streams. Most of these abscesses 
arise by metastasis through the blood stream from furuncles of the skin, 
as in my first, third, and fourth cases. Boils, which are probably the 
commonest source of infection in this disease, were the eti. logic factor in 
32.6 per cent of the cases reported by Gasul and Jaffe’ in their series 
collected from the literature. My second case was apparently metastatic 
from purulent mastoiditis. Mixter and Smithwick® also reported a case 
with a similar history. The source of the organism was not known in 
17.9 per cent of Gasul and Jaffe’s collected series, but there was a his- 
tory of trauma in these cases. Hunt,?’ Donati,?* Schénwerth,”® and 
Browder and Meyers” believe that almost every epidural suppuration 
occurs secondary to osteomyelitis of a vertebra. They contend that the 
bone locus is usually unrecognized at operation or necropsy. That so 
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few spinal abscesses are found adjacent to the vertebral bodies (anterior 
to the dorsal sac) and that so few occur in the cervical and sacral regions 
are arguments against this theory. 


The organism most often responsible for this infection is the staphy- 
lococcus, which was the offending organism in every case in Gasul and 
Jaffe’s series in which a bacteriologic examination was reported, except 
the case of Delearde,*° which was caused by the streptococcus, and that 
of Schick,** caused by the pneumococcus. The staphylococcus organism 
was responsible for the infection in three of my four cases. The other 
case was a nonhemolytic streptococcie infection. Raney** reported three 
cases and Browder and Meyers,” one case, in which culture proved the 
organism to be the pneumococcus. Raymond and Sicard** had a case 
caused by the typhoid bacillus and Campbell® reported a case with 
Bacillus pyocyaneous infection. 


Diagnosis.—It is unreasonable to hope to make consistently a diag- 
nosis of metastatic abscess of the spinal canal before symptoms of spinal 
cord damage appear, although Cohen** and Slaughter and associates*® 
reported cases in which the diagnosis was made before the appearance of 
neurologic signs. If a patient with a history of boils should begin to 
have severe root pain in the back, one could suspect the presence of 
spinal suppuration and could be alert to the development of weakness 
of the legs. However, the rapid development of weakness of the lower 
extremities suggests a number of diseases. If the patient is afebrile, 
such conditions as metastatic tumor of the spinal canal, compression of 
the spinal cord by tumor of the vertebrae, Pott’s disease, and hysteria 
are considered. If fever is present, the most likely possibilities in addi- 
tion to epidural abscess are poliomyelitis and infectious myelitis. In 
addition to other characteristic clinical findings, the patient with polio- 
myelitis or infectious myelitis will not have a block upon performance 
of Queckenstedt’s test. In brief, if the patient has fever, rapidly pro- 
gressing weakness of the legs, and a spinal block, it is certain that the 
diagnosis is compression of the spinal cord by extradural suppuration. 
Whether the suppuration is by metastasis or by direct extension is of no 
immediate significance. A surgical emergency exists and prompt de- 
compressive laminectomy is mandatory. 

The level of the lesion can be determined by clinical examination. The 
sensory level is usually fairly definite. The level of root pain is a still 
more accurate indication of the site of the lesion. Tenderness of the 
spine on palpation is also informative. When the symptoms are sugges- 
tive of an abscess in the Jumbar spinal canal, it is unwise to do a spinal 
puncture. If one failed to aspirate pus from the extradural space, the 
point of the needle would undoubtedly be carried into the subarachnoid 
space and meningitis could result. Several authors have advocated at- 
tempting to aspirate pus from the extradural space, but this is a danger- 
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ous procedure. When the abscess is somewhere in the thoracic region, 
little risk is attached to lumbar spinal puncture. If the Queckenstedt 
sign can be demonstrated, in all probability one is not dealing with 
extradural suppuration. When a block exists, extradural suppuration 
is almost certainly present. In such a ease it is helpful to inject 0.5 ¢.¢. 
of lipiodol into the canal before withdrawing the needle. The patient 
may then be put on the tilting fluoroscopic table and the head lowered. 
The lipiodol will gravitate to and stop at the lower border of the lesion. 
This additional information is often useful. The sensory examination 
tells the upper level of the lesion; the lipiodol indicates the length of the 
lesion. In short, it is possible for extradural suppuration to compress 
the dural sac over a large area. The spinal fluid may be clear; often it 
is cloudy because of pleocytosis. Organisms in the fluid indicate that 
meningitis is complicating the extradural infection. 

Treatment.—Onee the diagnosis of compression of the spinal cord has 
been established, laminectomy with drainage must be done at the earliest 
possible moment. A longitudinal incision is made over the posterior 
spinous processes and the muscles of the back are retracted so that three 
or four posterior spinous processes are isolated. Two spines nearest the 
center of the wound are removed. One of the neural arches is then 
taken off and the ligamentum flavum opened. Pus and granulation tis- 
sue are immediately encountered. The laminectomy is then carried both 
upward and downward until the poles of the lesion are reached. 
Whether two or ten laminae are removed is not a matter of considera- 
tion. The granulation tissue may lie on the posterior surface of the 
dural sae or may le as well on both lateral surfaces. Fortunately, the 
pyogenic tissue rarely lies anterior to the dural sac. When the operator 
has reached the upper pole of the lesion, the entire dural sae will begin 
to show normal pulsations. It is not necessary, nor indeed possible, to 
remove all of the pyogenic tissue from the spinal canal. The object of 
the operation is to decompress the dural sae and to provide adequate 
drainage of the extradural space. A soft rubber drain may be laid on 
the surface of the dura or the wound may be loosely packed with strips 
of vaseline gauze. In a few weeks the wound granulates in from the 
bottom and epithelizes. 

Prognosis.—According to Campbell,* four cases of recovery from 
metastatic epidural spinal abscess without operation have been reported 
(Leydon,® Keienburg,** Braun,** and None®). Recovery in Keienburg’s 
patient followed the injection of trypoflavin. That certain metastatic 
infections in the epidural space are self-limited and do not progress to 
the stage of compressing the cord and causing paralysis is a plausible ex- 
planation for recoveries without surgical intervention. When the diag- 
nosis is made before paralysis is complete or before paralysis has been 
complete for more than a few hours, there is good chance for complete 
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or partial recovery of function following decompressive laminectomy 
and drainage. Of the sixty-seven cases collected by Gasul and Jaffe, 
thirty-five had laminectomies, 48.7 per cent of which recovered. Abra- 
hamson and co-workers** observed that, in a collected series of sixty 
cases, twenty of the thirty patients who had operations survived, giving 
a mortality of 33.3 per cent; whereas, the mortality rate for the thirty 
patients who were not treated surgically was 100 per cent. Campbell® 
estimated that about 40 per cent of all patients surviving operation have 
complete restoration of function. If the diagnosis is delayed until 
paralysis has been complete for a number of days, operation is usually 
contraindicated. However, in certain instances of this type, operation 
will be performed to relieve the severe root pain and to drain the sup- 
puration so that it will not extend into the abdominal or thoracic cavi- 
ties. Such a procedure might save the patient’s life for the time being, 
but the total paraplegia would persist and death would merely be de- 
layed. 

In three of the four cases reported in this paper, operation was per- 
formed just before or shortly after paralysis had become complete. 
These three patients are now able to walk and have control of the anal 
and vesical sphincters, but there are residual motor disturbances. The 
other patient, who had been paralyzed nearly forty-eight hours before 
operation, died of empyema. 


SUMMARY 


1. Early recognition and prompt drainage of acute epidural abscess 
of the spinal canal is urged. 

2. The incidence, location, etiology, diagnosis, treatment, and prog- 
nosis of epidural spinal abscess are discussed. 

3. Four cases of acute epidural spinal abscess, three of which recov- 
ered following decompressive laminectomy, are reported. 
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PYOGENIC INFECTIONS OF THE SPINAL EPIDURAL SPACE* 
A CONSIDERATION OF THE ANATOMIC AND PHYSIOLOGIC PATHOLOGY 


JEFFERSON Browpver, M.D., AND RussELL Meyers, M.D., 
BROOKLYN, N. Y. 
(From the Departments of Surgery and Physiology, Long Island College of Medicine) 


N 1936 a review of the literature concerning pyogenic infections of the 
spinal epidural space disclosed 203 cases to which we added 7.1. Our 
interest in this subject has been augmented by experience with a second 
group of 7 instances of this disease. During the past four years several 
important contributions?* have emphasized the clinical aspects of this 
entity. In spite of this it would seem that the syndrome is still not gen- 
erally recognized, as is indicated by the fact that 6 of the 7 recently en- 
countered cases did not come under our observation until the disease was 
so advanced that application of appropriate therapy came too late to 
effect recovery. The present communication is intended to correlate the 
clinical features of acute pyogenic epidural infections with the con- 
comitant pathologic alterations and to describe the histologic changes 
observed in the spinal cord and their probable relations to the pathologic 
physiology associated therewith. 

It has been quite generally considered that there are two modes by 
which septic agents may invade the spinal epidural space. In the first 
of these it is regarded that the infection extends directly from an in- 
flammatory process in tissues adjacent to the vertebral column into the 
epidural space. In the second mode of invasion it is presumed that a 
septic metastasis arises from some more distant focus of infection and 
by a hematogenous route establishes itself directly in the epidural space. 
Numerically the cases included in the first group are in the minority and 
these present the lesser difficulty of pathogenic interpretation. It is 
with the generally accepted pathogenesis of the second group that we 
are at variance. The convictions expressed in our earlier communica- 
tion, namely, that all such lesions are preceded by vertebral osteomyelitis, 
appear under no necessity of revision in the light of the present study. 

Although the clinical picture has been amply described in several 
reports, it seems advisable to recapitulate. Once familiarity with the 
entity has been gained, the story and clinical findings should leave little 
doubt regarding the diagnosis, especially in the acute form of the 
disease. The history is usually positive for a previous or coexistent in- 
fection. Representative examples of such infections are nasopharyngitis, 
otitis media, tonsillitis, abscess of tooth, pneumonia, furunculosis, 


*Read before the Section of Neurology and Psychiatry, New York Academy of 
Medicine, March 12, 1940. 
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phlebitis, puerperal sepsis, and appendicitis. At some time during the 
first two or three months following the infection and often within the 
first two weeks, the patient begins to complain of a boring pain in a 
circumscribed part of the vertebral axis. The pain is annoying, con- 
stant, at times throbbing, made more intense by coughing, sneezing, and 
any movements of the spine, and is frequently associated with tender- 
ness over the painful area. Localized swelling may be present. There 
may be complaints of chilly sensations, headache, lassitude, generalized 
myalgia, feverishness, and sweating, all of which may rapidly recede or 
may persist for several weeks. The temperature may range between 
101 and 105° F. and later establish itself as of the septic type. Cor- 
responding acceleration of the pulse and respiratory rates is often pres- 
ent. The blood count reveals a polymorphonuclear leucocytosis of from 
12,000 to 35,000 per cubic millimeter. Commonly, after several days 
there is added to the boring pain in the back a radicular type of pain, 
sharp, often lancinating, and frequently associated with a ‘‘ girdle sensa- 
tion.’’ The neck may become rigid. Headache and vomiting may ensue. 
In some instances the infection is fulminating in character and may be 
complicated by septicemia and this in turn by metastatic implication of 
lungs, heart, liver, and kidneys. Neurologic manifestations, although 
they may be present, do not become prominent in some cases before death 
ensues. In the average case, however, the infection remains more 
localized and the involvement of the spinal cord or cauda equina is slow- 
ly progressive, until at the end of four or five days complete interrup- 
tion of their physiologic functions supervenes. During the early phase 
of implication of the spinal cord, paresthesias and dysesthesias of one 
or more extremities often presage the more dramatic and later appear- 
ing signs. Examination at this time frequently discloses a marked de- 
gree of cutaneous sensitivity to painful stimuli over the affected parts. 
A degree of paralysis of the musculature below the level of the lesion 
soon makes its appearance. Rapid implication of the spinal cord 
usually results in flaecidity and areflexia, irrespective of the level in- 
volved; whereas, in the subacute and chronic forms spasticity and 
hyper-reflexia are more commonly observed. Involvement of the lower 
lumbar and sacral segments of the cord and the cauda equina regularly 
results in flaccidity and areflexia. Varying degrees of abdominal disten- 
tion and tympany are frequently encountered. The urinary bladder 
becomes distended, followed by overflow incontinence. Fecal inecon- 
tinence may shortly ensue. The sensory status, like the motor, is de- 
pendent upon the acuteness of the process and the degree of involve- 
ment of the spinal cord and nerve roots. In some instances acrognosis 
and pallesthesia have been observed to persist longer than the superficial 
modalities of sensation. In others preservation of the appreciation of 
painful and thermal stimuli with loss of the proprioceptive sensibilities 
has heen cemonstrated. Trophic alterations of the skin are frequently 
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observed. Lumbar puncture in the average well-established case yields 
characteristic findings. The Queckenstedt test usually indicates the 
presence of complete or incomplete occlusion of the spinal subarachnoid 
space. The spinal fluid may vary in appearance from colorless to dis- 
tinct xanthochromia and is commonly found to contain an increase in 
cells of from 50 to 100 per cubic millimeter. Lymphocytic cells are 
usually predominant. The protein content of the fluid is frequently in- 
creased to 50 mg. or more per 100 ¢.c. Culture and smear are negative 
for the presence of organisms: unless the leptomeninges have been in- 
vaded. In some cases of the present series the inflammatory process was 
caudad to the conventional level for puncture and the possible presence 
of a subarachnoid block therefore could not be detected. In one patient 
with cervicai cord involvement (Case 11) the subarachnoid space was 
found to be patent and the cerebrospinal fluid normal. In instances in 
which the lumbar epidural space is suspected of being the site of the 
suppuration, pus may be encountered during the performance of the 
lumbar puncture if frequent aspiration is carried out as the needle 
traverses this space. 

It is rare to find roentgenographie evidence of bony changes of the 
vertebral column. In the present series of 14 cases there was a definite 
zone of bony destruction demonstrated by the roentgen-ray examination 
in one patient and by suggestive changes in another. Failure to identify 
a zone of bone destruction should not render one reluctant to make a 
diagnosis of spinal epidural infection. The important features bearing 
reference to the 14 cases included in this series are summarized in 
Table I. 


Pathology—tThe pathologic descriptions which follow are based on 
findings disclosed at operation in 9 instances together with necropsy data 
derived from 7 of the 8 patients who died. Among the 14 cases of the 
present series, gross evidence of osteomyelitis was demonstrable in 12 in- 
stances. This lesion was identified in 7 of the 12 cases at autopsy, in 2 
at operation, and in the remaining 3 by its presence as suggested by the 
roentgenograms. In the remaining 2 cases the data were insufficient to 
exclude the possibility of the presence of this lesion. The gross and 
microscopic features of the vertebral osteomyelitis were in no essential 
respects different from osteomyelitic processes encountered in other 
bones. Upon approaching the vertebral column at operation or at 
autopsy, gross alterations of the soft tissues were occasionally observed 
before the bony column was reached. In 3 cases the muscles and fasciae 
were edematous to such a degree that an externally visible and palpable 
swelling was produced. In 2 of these incision disclosed free pus diffuse- 
ly distributed in the fascial planes. The exposed vertebra affected by 
osteomyelitis revealed a shaggy, sometimes fenestrated periosteum which 
stripped with inordinate ease. The implicated bone was soft and when 
bitten with the rongeur exuded pus from its medullary portion. In 4 
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eases thick creamy pus welled up from the paravertebral region upon 
retraction of the muscles. The pathologic changes in the epidural space 
ranged in character between two extremes, free pus and a circumscribed 
low-grade granulomatous mass. Between these extremes many inter- 
mediate grades were observed. The cephalad and caudad limits of the 
purulent collections were demarcated by a firm, well-vascularized, thick- 
ened epidural fat. In the more central portions of the lesions the fat 
was found in varying degrees of disintegration, ranging between early 
necrosis and complete liquefaction. The granulomas were represented 
as fairly discrete lesions. In length they extended a distance of over 
one to four vertebral segments, occupying the epidural space and con- 
forming roughly to its shape. The greatest thickness ranged between 4 
and 6 mm. and was most often discovered at the central portion of the 
involved area. From here the lesions tapered toward their periphery. 
On gross inspection the masses appeared grayish red and granular on 
the surface. No large blood vessels were visible. On section the granulo- 
mas were dense and intimately fused with the dural surface so that ef- 
forts to strip the lesions away from the dura were beset with the danger 
of tearing the latter. The superficial appearance of these lesions closely 
simulated that of other granulomas (syphilitic and tuberculous) and in 
certain cases that of lymphomatoid diseases of the spinal epidural space. 
The discovery of punctate areas of pus on the cut surface of such a mass 
greatly facilitated the differential diagnosis. However, in an occasional 
instance the diagnosis was not only impossible by gross inspection but 
exceedingly difficult even by microscopic examination. In Case 7 several 
well-qualified pathologists interpreted the microscopic findings as those 
of Hodgkin’s disease and only after eleven years had elapsed could the 
issues be decided in favor of pyogenic granuloma. The dura itself was 
commonly but not invariably thickened adjacent to the epidural lesions. 
Microscopically the collagenous bundles of this structure were edematous 
and infiltrated with inflammatory cells. New capillaries and capillary 
tufts were abundantly in evidence. Some of the larger vessels were oc- 
cluded by organized thrombi. Punctate abscesses were sometimes ob- 
served within the dura itself. In one instance the subdural space im- 
mediately underlying the lesion was occupied by a layer of amorphous 
cellular detritus. The leptomeninges appeared regularly to be implicated 
by the inflammatory process to a variable degree. In the very mild 
reactions of the piarachnoid the cerebrospinal fluid appeared clear and 
colorless and often revealed an increased total protein content without 
pleocytosis. As a later complication the subarachnoid space of the 
entire cerebrospinal axis was implicated by a bacterial meningitis. More 
commonly, however, a limited portion of the subarachnoid space cor- 
responding to the epidural lesion was obliterated. Here was demon- 
strable an outpouring of inflammatory cells and such an organization of 
mesoblastic elements as to fuse the arachnoid and the pia. The most 
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significant pathologic findings for the purposes of the present inquiry 
are those relating to the spinal cord itself. At autopsy the gross appear- 
ance of the cord at the level of the lesions was usually normal. How- 
ever, in some instances the surface vessels seemed unduly prominent. 
A relative avascularity was disclosed in three specimens. In addition, 
two specimens showed gross evidence of purulent meningitis dissemi- 
nated throughout the cerebrospinal fluid spaces. In no case was there 
a compression deformation of the contour of the spinal cord. By 
palpation it was usually possible to identify a marked softening of one 
to several spinal segments at the level of the spinal epidural infection. 
In three of the cases the softening was so advanced that the removed 
cord, when folded upon itself, was acutely angulated at the affected level. 
Gross section of the formalin-fixed cord through the involved region 


Fig. 1.—Cross section of the cervical spinal cord illustrating the distribution of the 
areas of status spongiosus. 


frequently revealed a loss of architectural features. The gray matter 
here could not be distinguished from the white. Microscopically the 
parenchyma of the spinal cord revealed varying changes from specimen 
to specimen. The most constant finding was that of irregularly scattered 
areas of status spongiosus (Fig. 1). These areas were in the main periph- 
eral to the ground bundles and did not conform to the topography of 
the long conduction systems. They were irregular in outline and the 
finer anatomical alterations consisted of distended spaces, the majority 
of which were entirely devoid of myelin and axis cylinders, although 
others contained myelin and axis cylinders in varying degrees of disin- 
tegration (Fig. 2). The distribution of these vacuolized zones, particu- 
larly in the sections taken from levels not entirely devoid of archi- 
tecture, was such as to suggest impairment of the intrinsic circulation 
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an engorged intrinsic vein of the spinal cord (Weigert stain). 
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Fig. 3.—Photomicrograph illustrating demyelinization and loss of axis cylinders about 
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of the spinal cord (Figs. 2 and 3). The glial elements did not appear 
to be as severely implicated as the neural. The neurons of the gray 
columns presented all grades of axonal degeneration. According to the 
degree of involvement at a given level, the anterior horn cells showed 
changes ranging from early swelling, mild chromatolysis, and eccen- 
tricity of the nucleus to disappearance of the cell membrane, complete 
loss of tigroid substance, and karyorrhexis or pyknosis of the nucleus 
(Fig. 4). The blood vessels of the pia and spinal cord itself were in 
some instances found to be thrombosed, but far more commonly they 
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Fig. 5.—Photomicrograph illustrating a thrombosed vessel of the spinal cord in 
a segment underlying a zone of epidural infection (hematoxylin-eosin stain). (From 
Browder and Meyers: Am. J. Surg. 37: 4-26, 1937.) 


were unaltered or at most congested. In one specimen thrombosis of 
intramedullary vessels was clearly demonstrated (Fig. 5). The specimen 
obtained from Case 10 with which meningitis was associated was singu- 
lar in that on gross section a circular area of grayish white tissue oc- 
eupied the base of the right posterior funiculus over a distance of four 
lumbosacral segments (Fig. 6). Microscopically this zone was rather 
sharply demarcated from the surrounding white matter, but its periph- 
ery was not marked by a cellular inflammatory response. The internal 
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structure of this area disclosed broad sheets of mesoblastic cells most 
resembling those of the pial septa. Contrasted with the relatively uni- 
form dispersion of the axones elsewhere in the section, those in the 
affected area presented an agglomerated appearance. In none of the 
specimens were either ectodermal or mesodermal cells encountered within 
the spinal cord which could be interpreted as those of an inflammatory 
reaction. 

There were three cases in this series with lesions classified as chronic 
pyogenic granuloma. None of .these died; consequently material for the 
study of the spinal cord in this type of case has not yet been available. 
An excellent description of the pathologic changes in the spinal cord 
from a case of epidural granuloma was reported by Hassin in 1928.° 


~ 


Fig. 6.—Cross section of the spinal cord, illustrating circular zone located at base 
of right posterior funiculus as described in the text. The severe meningeal reaction 
in the piaarachnoid is clearly in evidence. 


DISCUSSION 


A eritical analysis of the series of fourteen cases under present con- 
sideration reaffirms the conviction previously expressed that the vast 
majority of infections of the spinal epidural space established by me- 
tastasis are preceded by vertebral osteomyelitis. With but few excep- 
tions the etiologic agent of this clinical entity is staphylococcus. The 
sequence of events characterized by a severe, or more commonly by an 
insignificant, infection associated with or followed by boring pain in the 
back, radicular pain, and subsequent evidence of spinal cord involvement 
in this order is practically pathognomonic of this disease. The pathologic 
lesions that have been described are, in the main, consistent with the 
clinical features. Thus, the period of boring pain in the back cor- 
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responds to the as yet uncomplicated osteoniyelitis; radicular pain to 
the implication of the spinal roots; and, finally, evidence of profound 
sensory, motor, and vegetative dysfunctions to involvement of the spinal 
cord itself. 


The neurologie signs and symptoms are generally ascribed to the fac- 
tor of pressure exerted by the epidural lesion against the roots and 
cord. This interpretation rests for the most part on the clinical demon- 
stration of a block of the spinal subarachnoid space. It appears to be a 
reasonably defensible deduction in a large number of cases; however, it 
is inadequate to explain the phenomenon relative to Case 4, in which a 
complete spinal subarachnoid block was demonstrated when no clinical 
disability was observable; and that of Case 11, in which the spinal sub- 
arachnoid space was entirely patent at a time when a quadriplegia ex- 
isted. The inadequacy of the pressure factor alone as a complete ac- 
count of the clinical manifestations is again indicated by our failure to 
demonstrate at necropsy deformation of the spinal cord at the level of 
the lesion. Furthermore the mode of recovery following operation, in 
practically all patients, is strikingly prolonged even though no obstruc- 
tion to the spinal subarachnoid space is demonstrable. In addition, 
recovery following drainage of an epidural abscess or the removal of a 
granuloma is neither as prompt nor as complete as that observed after 
removal of an epidural neoplasm. These remarks are not intended to 
deny the existence of a pressure factor in the production of the spinal 
cord dysfunctions associated with the advanced phases of spinal epidural 
infections, but rather to deny that pressure is the sole factor. The 
pathologic demonstration of irreparable parenchymatous changes within 
the spinal cord is not explicable in terms of pressure alone. Neither can 
one attribute the intrinsic damage wholly to thrombosis of the vessels of 
the spinal cord, as have certain authors. After a thorough histologic 
search such a lesion could be demonstrated in only one of our cases and 
in this specimen the parenchymatous changes were closely simulated by 
other specimens in which thrombosis was not discovered. An attempt to 
explain these observations logically serves to focus attention on the in- 
completeness of our knowledge concerning the details of the circulation 
of blood and cerebrospinal fluid within the cord, the manner of fluid 
exchanges, and the limitations of our present methods for demonstrat- 
ing many morphologic alterations. The most that may be said at present 
with respect to these pathologic changes in the spinal cord is that they 
are the result of circulatory alterations within the cord itself. 

As indicated in Table I, ample time for diagnostic consideration 
usually elapses between the onset of the pain in the back and the early 
manifestations of spinal cord involvement. It is during this period that 
a diagnosis of vertebral osteomyelitis may be made and drainage by 
laminectomy may be instituted before the spinal cord becomes impli- 
eated. The practical application of this suggestion has been demon- 
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strated by reports of Slaughter, Fremont-Smith, and Munro® and of 
Cohen.* It seems that infection of bone may be arrested if not actually 
cured by chemotherapeutic agents represented by sulfanilamide and its 
derivatives. These may prove to be a valuable adjunct in the treatment 
of vertebral osteomyelitis.’° 


SUMMARY 


The important features of fourteen cases of pyogenic infections of the 
spinal epidural space have been recorded and the outcome in each in- 
stance indicated. The pathologic findings in twelve of the fourteen cases 
strongly support the opinion that each of these epidural infections was 
secondary to vertebral osteomyelitis. The gross and histologic studies of 
the specimens removed at autopsy disclosed changes in the spinal cord 
which were not wholly ascribable to a pressure factor but which ap- 
peared to be the result of stasis. The time interval between the onset of 
pain in the back and the appearance of neurologic signs is sufficiently 
long to permit surgical drainage of the infected area to be instituted be- 
fore the spinal cord becomes irreparably damaged. The use of chemo- 
therapy as a helpful adjunct to the surgical treatment of the disease has 
been suggested. 
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RUPTURES OF THE PECTORALIS MAJOR MUSCLE 


K. J. M.D., anp B. H. CHANpLEE, M.D., Pa. 
(From the Department of Surgery, the Frankford Hespital) 


ECTORALIS major muscle tears are not common. Including the 

one presented here, only eighteen cases have been reported, chiefly in 
French, German, and British literature. Eight cases were reviewed by 
Gilcreest® in 1939. Patissier,’* in 1822, apparently recorded the first case 
in a butcher boy, the pectoralis major having been torn when the boy at- 
tempted to unhook an enormous piece of beef. The patient died of the 
inflammation which supervened. Letenneur (1862)° saw a case in which 
the pectoralis was torn while the patient was trying to stop a runaway 
horse. Good function was obtained after immobilization of the shoulder 
for two weeks. Smart (1873)?° described a case in a 33-year-old carter 
who was run over by a van. Rédard (1878)?* described in detail a case 
of incomplete rupture of the pectoralis produced by a violent effort to 
recover balance in a fall from a carriage, whereupon the wheel passed 
over the strongly contracted muscle. The tear healed by fibrous union. 
Régeard (1880)* diagnosed the condition in a laborer who was thrown 
out of an upsetting lorry, the left arm being trapped in the wheel. 
Malinovski (1885)*° reported a case in a 20-year-old farmer who fell off 
a horse. There was resultant weakness in the arm, with gradually in- 
creasing function. However, the weakness suddenly returned a year 
later while the patient was doing gymnastics. Tear of the pectoralis 
major at its attachment to the humerus was diagnosed ; operative treat- 
ment was recommended but was refused. Weinlechner (1884)*° saw one 
case in an infant, consequent upon difficult labor. A case was seen by 
Knaak (1900)* in which the tear of the muscle resulted from a strong 
pull. Heimann (1908)* described two cases, both in exceedingly muscu- 
lar men, resulting from excessive tension on the contracted pectoralis to- 
gether with direct powerful blows to the muscle. With various physical 
therapeutic measures, less than 50 per cent restoration of function was 
obtained in either case. Coues (1920)* published the only report in this 
country. A 21-year-old boy ruptured the pectoralis while lifting a tackle, 
when he gave a quick jerk to the rope with his arm held high. Mandl 
(1925) Eiselberg (1925), and McKelvey (1928)** each saw a case 
where the rupture was produced by a sudden violent pull on the con- 
tracted muscle. Mandl’s case was not seen until one and one-half years 
after the accident when some weakness in the limb persisted. In Borchers 
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and Tontscheff’s case (1932)? partial tear of the pectoralis major was 
produced by a combination of direct trauma and pull on the contracted 
muscle. 


In contrast it is interesting that Moulonguet (1924)'* reported sudden 
spontaneous rupture during cold weather in a 72-year-old man on leav- 
ing an overheated room. The hematoma resulting increased enormously 
and the patient died. There was a past history of injury to the shoulder 
which had permanently weakened the limb. The tear was attributed to 
senile changes. Horton (1925)? ‘also saw a case in an aged invalid in 
which there was no history of injury and likewise attributed the rupture 
to senility. 

Saar,’* Bernhard,’ and others state that the injury is not uncommon 
in sports but is infrequently diagnosed. 


Rupture of the pectoralis major muscle presents a typical clinical pic- 
ture. One finds tumefaction and discoloration over the pectoral region 
with indentation over the rupture site. By having the patient attempt 
strong adduction against resistance, the separation and the swelling in- 
crease, the lump hardens, and the pressure over it causes pain. The 
foree with which adduction is accomplished is directly in relation to the 
degree of the tear. When the contraction ceases, the lump becomes soft 
again. Attempted motion is usually accompanied by pain over the torn 
muscle. 


Tears of the pectoralis may develop either by (1) excessive muscle 
tension. (2) direct violence, or (3) a combination of both. Two eases 
have been reported as spontaneous ruptures due to senile changes. 
Pirker’’ believes old age is a predisposing factor. Of the other cases 
nine were attributed to strong pull on the contracted muscle, one to di- 
rect violence, and five to a combination of both direct blows and violent 
pull. All cases occurred in males. The tears involved the muscular por- 
tion in every case, usually the pars sternalis and the pars abdominalis, 
near the axillary fold. Tears of the clavicular portion and of the part 
attached to the sternum are less frequent. Complete tears have never 
been reported. 


As regards treatment, surgical repair of the muscle through suture is 
preferable if seen early, and plastic operation is advisable in cases where 
the diagnosis has been delayed. There is a normal tendency for spon- 
taneous restoration of function, but this is slow and full power is never 
restored. 


CASE Report.—F. L. 8. (F. H. No. 3576-G), aged 67 years, an American white 
male paper hanger, was admitted on Jan. 24, 1938, and discharged on Jan. 29, 1938. 
This patient stumbled and fell down the cellar stairs in his home on Jan. 22, 1938. 
About one-half the way down the stairs there was a railing which he reached out for 
with the left hand to try to check his fall. There was a strong forcible adduction in 
the abducted position of the outstretched left arm. The patient thought he felt 
something ‘‘give’’ in the left shoulder. There was immediate pain in the left 
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shoulder and over the left side of the chest, and swelling and ecchymosis developed 
in the region of the anterior axillary fold. The shoulder was painful on attempted 
motion and the patient kept the arm splinted against the chest wall for comfort. 
The patient’s family physician sent him to the hospital two days later on Jan. 24. 


Examination at this time revealed marked ecchymosis and swelling over the entire 
left pectoral region, especially in the anterior axillary fold. The area was tender to 
palpation, and a defect about three-quarters to one inch wide could be felt between 
the two portions of the torn muscle in the region of the anterior axillary fold. 
Medially the belly of the muscle was easily palpated; the portion on the axillary 
side of the tear was less discernible. When the patient was asked to adduct the arm, 
the muscle was felt to move and he complained of pain over it. On forced adduc- 
tion against pressure, marked weakness was noted in the left shoulder. X-ray 
examination of the shoulder was negative for evidence of fracture of the clavicle, 
humerus, and ribs. The clinical diagnosis was incomplete rupture of the left pec- 
toralis major muscle. 


At operation on Jan. 25, the swelling was noted to have subsided somewhat after 
application of cold compresses. Under ether anesthesia a vertical incision was made 
from the level of the coracoid process downward. The skin and subcutaneous tissues 
were reflected back and the torn edges of the pectoralis exposed. A blood elot filled 
the defect between the two muscle fragments, which were separated for a distance 
of about one inch. The muscle fibers were retracted toward the chest wall. The tear 
was found to be at the junction of the muscle belly with its tendinous portion. The 
muscle fragments were reapproximated with difficulty because of the extent of the 
retraction. The muscle was sutured with white silk sutures and the overlying sheath 
was also reapproximated with silk. A small Penrose drain was inserted into the 
lower portion of the wound and the skin closed with silk. The drain was removed 
two days later, Jan. 27. The patient was discharged on Jan. 29, the wound healing 
and in excellent condition. He was later seen in the follow-up-clinie and gradual 
restoration of function in the adduction of the left shoulder was noted. 


He was seen one year later and claimed that there was complete restoration of 
function. He was well able to carry on with his occupation (paper hanging) and 
claimed no loss of strength in the left shoulder. In this period some widening of 
the skin scar had been noted, probably due to stretching of the part. The scar was 
not adherent to the underlying tissues. The sutured portion of the muscle was 
thinner than the remainder of the muscle belly, but there was firm fibrous union of 
the fragments. 
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DUPUYTREN’S CONTRACTURE 
OPERATIVE CORRECTION BY USE oF TUNNEL SKIN GRAFT 


H. L. SkrnNER, M.D., BALTIMORE, MD. 
(From the Surgical Service, U. 8S. Marine Hospital) 


S° CH a condition has been the subject of operation for more than a 
century. As the name implies, it was first described by Dupuytren 
in 1832 as resulting from contraction of the palmar fascia. Even before 
this various operative procedures were being done for the deformity. An 
American edition of Fergusson’s' Surgical Practice, published in 1845, 
described the condition under the chapter entitled ‘‘Incisions and Ex- 
cisions,’’ showing drawings of the hand with the little and ring fingers 
in a state of permanent contraction. The affection was described as 
showing itself by slight inability to extend one of the fingers (generally 
the little one) which, at last, in the progress of years, worked up into the 
palm. By this time the ring finger also would have assumed a nearly 
similar state, and possibly too, the middle finger would be somewhat 
rigid. During this period it was the opinion of dissectors that the cellu- 
lar tissue between the skin and palmar aponeurosis was the cause and 
not contraction of the flexor tendons. It appeared to observers at this 
time, when the contracture was extreme, that the skin, cellular tissue, 
fascia, and even tendons were in a more or less state of permanent 
rigidity. They also believed that one or another of the structures might 
be more in fault than the rest. It was also noted that the lumbricales 
and interossei muscles might play a part in certain cases. This observa- 
tion was rather interesting, since recently Kaplan? has shown that the 
condition was probably due to the contracture of the phalangeal inser- 
tion of the pretendinous bands of the palmar aponeurosis and had little 
or nothing to do with the deep extension of the palmar aponeurosis to- 
ward the deep interossei fascia. He suspected that cases which did not 
have digital prolongations would not develop Dupuytren’s contracture. 


It is often stated that those who are so employed as to cause much 
pressure on the palm of the hand, such as gardeners, carpenters, etc., 
are more subject to this condition than others. The evaluation of this 
statement is rather difficult since the frequency of its occurrence in those 
doing little manual labor, such as clergymen, physicians, bankers, etc., 
in some series of cases reported is greater. However it is noted that the 
contracture in these patients came on after middle age and they gave a 
history of doing considerable strenuous labor in early life. Some writ- 
ers feel that Dupuytren’s contracture occurs more commonly in females 
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than is ordinarily considered, but that the disease is overlooked because 
it is less severe. The disease has not been seen in the colored race. The 
right hand is most commonly affected. In bilateral cases the involve- 
ment of the left hand may precede the right by several years or may 
occur simultaneously. 

The etiology is still obscure. There are many theories, it being quite 
possible that the primary cause is not always the same though the end 
result is. Trauma of varying severity has been recorded in case reports, 
also low-grade local inflammatory process and chronic dental infection. 
Two predisposing factors have been mentioned: the loss of the protec- 
tive layer of subcutaneous fat associated with advancing age and the 
fact that the little and ring fingers are used more than the others in the 
act of grasping and are flexed more tightly as the hand is closed. The 
latter, on first thought, appears farfetched, but this is what actually hap- 
pens in grasping a golf club. A second possible cause is a constitutional 
tendency to gout or rheumatism. This theory has many adherents. A 
third possible factor is heredity, occasionally noted in cases reported. 
This cannot be denied and apparently can be transmitted from either 
the maternal or paternal character. A further possible cause is disturb- 
ance in calcium metabolism. Cases are reported which were hypo- 
caleemic and improved with parathyroid extract. We know of the rela- 
tion of hypercalcemia with scleroderma affecting the connective and 
elastic tissue. For this reason we should bear in mind a disturbed fune- 
tion of the parathyroids. 

The pathology is essentially a hypertrophy and continuation of the 
fascia of the hand. The disease usually begins as an isolated nodule in 
the fascia over the flexor tendon of the ring finger. Other nodules may 
appear in line with the first or over the flexor tendon of the little finger. 
A small dimple develops just distal to the primary nodule, drawing the 
skin up in a crescentice fold. The middle and index fingers may also be- 
come involved. The disease is usually progressive, but it may be a few 
months to ten to fifteen years before the finger is contracted on the 
palm. During this time the overlying skin becomes calloused. It loses 
all its normal characteristics and becomes so intimately connected with 
the fascia in some cases that it is impossible to separate them at some 
points. The digital blood vessels and nerves may be compressed or dis- 
placed from their normal position. 

According to the early textbooks on surgery, subcutaneous division 
of the rigid textures was practiced. This was followed by gradual ex- 
tension of the fingers on a splint. Apparently that apparatus was con- 
structed to fit the peculiarities of the case and the ingenuity of the sur- 
geon went far to obviate and remove the deformity. The present treat- 
ment consists of complete excision of the contracted fascia. If the via- 
bility of the skin is in doubt, it is excised and the defect is filled in with 
a free, full-thickness graft. Pedunculated grafts have been used but 
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offer no better results besides being too time-consuming and causing 
more discomfort for the patient. In early cases radium has been ad- 
vocated by Feurstein.’ He feels that it is the choice treatment, although 
it does not give a perfect cosmetic result. 

In selected cases I have been using full-thickness, tunnel skin grafts 
to fill in the defect. This type of graft was developed by Keller® for 
various postwar defects. The mechanica! principles that form the basis 
for success in grafting work very well for this type of graft in Dupuy- 
tren’s contraction. Accurate coaptation of the graft is obtained through- 
out the area to be epithelized ; firm pressure and tension are also main- 
tained over the area. This avoids excessive secretion and venous stasis. 


TUNNEL SKIN GRAFTS IN DUPUYTREN’S 
CONTRACTURE 


Skin gratt 
in 
Contracture 
of fascia 


Inez Demoney 


Fig. 1.—Tunnel skin grafts in Dupuytren’s contracture, 


The operation is performed under gas anesthesia, using a blood pres- 
sure cuff as a tourniquet. An incision is made along the ulnar surface 
of the hand curved slightly inward at its proximal end. This exposes 
the narrow upper end of the fascia which is isolated, clamped, and cut. 
The fascia can then be lifted upward and away from the palm by gentle 
traction on the forceps, allowing division of the numerous fasciculi as 
they pass in different directions. The separation of the skin from the 
fascia, especially at the point of the nodules and pitlike depressions, is 
rather difficult. Careful dissection is necessary or one may buttonhole 
the skin. The dissection is carried distally until all contracted fascia 

has been removed. If the contracted fascia extends into the phalanges, 
which it usually does, separate incision and dissection may be necessary. 
In doing this care is taken not to injure the digital nerves and vessels. 

This dissection, along with freeing of the skin, is the most difficult part 
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of the operation. After controlling all hemorrhage, the skin is obtained 
for the tunnel graft. Two or three grafts are put in place transversely 
under the skin depending upon requirements of the case. The grafts are 
placed under the areas of devitalized skin, this also determining the 
width of the graft. The source of the graft is unimportant except that 
due consideration should be given to the location as to texture and hair- 
lessness. The skin of the area from which the graft is to be taken is 
prepared the day before operation along with the hand. The graft is 


Fig. 2.—End result showing grafts in =. hand and complete extension of the 
outlined on the skin of a size estimated to be necessary, then carefully 
and gently dissected free with a sharp knife as fat free as possible. 
Small puncture wounds are then made at necessary points opposite the 
incision followed by simply placing the tunnel graft with the raw sur- 
face downward, pulling one end through the puncture wound on one 
side and letting it extend beyond the incision on the other side. (Fig. 
1.) The wound is then sutured snugly with fine silk and without drain- 
age. It is not necessary to suture the ends of the grafts in place. Five 
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or six layers of vaseline gauze are then placed over the palm of the hand 
before applying the dressing. The dressing is held in place with a tight 
bandage, the forearm and hand being splinted with the finger in ex- 
tension. The bandage is tightened on the fourth or fifth day and is not 
removed until the tenth or fourteenth day. At this time, under local 
anesthesia, the skin is cut over the grafts and a portion removed if 
necessary ; however, usually the edges are allowed to retract or atrophy. 
Twenty per cent argyrol dressing is applied for a few days followed by 
whirlpool, massage of the fingers, and exercise. At this stage cod liver 
oil ointment is a satisfactory dressing with splinting of the fingers in 
extension at night. 

The use of this type of graft in this affection offers several advantages. 
I have used this graft for various other conditions and its growth has 
been more universally successful than any other type. The vitality of 
the graft seems greater; it is completely surrounded by living tissue 
which furnishes an ideal environment, and, if it is necessary at any time 
to change the dressing, it will not disturb the graft. By using it in this 
manner, close apposition is assumed, movement does not occur, and ac- 
curate fitting and cutting are unnecessary. The maintenance of proper 
tension is no problem and mild infection does not affect the graft. The 
graft is capable of adjusting itself to a movable contour of the underly- 
ing parts. The whole procedure is quicker, less tedious, not uncom- 
fortable to the patient, and gives the surgeon less anxiety. 
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FURTHER OBSERVATIONS ON THE ETIOLOGY OF VASO- 
MOTOR DISTURBANCES FOLLOWING PERIPHERAL 
NERVE SECTION 


LAWRENCE N. Atuas, M.D., CLEVELAND, OHIO 


(From the Peripheral Vascular Clinic, Department of Surgery, Cleveland City 
Hospital, and the School of Medicine, Western’ Reserve University) 


N A PREVIOUS communication” evidence was presented indicating 

that the frequently observed nutritional changes which develop in 
digits that have been deprived of their peripheral nervous innervation 
may be initiated by a vasospasm having its origin in the well-known 
phenomenon of ‘‘adrenaline sensitization.’’-* It has been repeatedly 
demonstrated that arterioles which have lost their postganglionic sympa- 
thetic innervation do become abnormally sensitive to minute quantities 
of circulating adrenaline. Since the postganglionic vasomotor fibers 
reach the blood vessels of the hands and feet via the branches of the 
brachial and lumbosacral plexuses respectively,°"' such sensitization 
should follow their division. The aforementioned report was based 
on a controlled experiment performed in an individual who had suf- 
fered a traumatic division of the median and ulnar nerves at the wrist. 
Following the subcutaneous injection of 0.35 ¢.c. of 1 per cent neo- 
synephrin hydrochloride, a conspicuous decrease in the skin tempera- 
tures of the anesthetic digits ensued, the surface temperatures of the 
opposite hand remaining unaffected. More recently precisely similar 
findings have been reported by other investigators.’” 

The following is a case of peripheral vasospasm following the sur- 
gical section of a median nerve. It presents several unusual features 
which merit reporting. 

CASE REPORT 

H. L. (No. 211840) was admitted to Surgical Service A at Cleveland City Hos- 
pital Aug. 17, 1939, with the following complaint: For the past year a tumor on 
the inner side of his right arm had been steadily increasing in size. The slightest 
movement of or pressure on the tumor produced shocklike paresthesia in the second 
and third fingers. 

Examination showed a white male, aged 22 years. Situated in the medial portion 
of the right arm was a firm mass measuring approximately 4 by 3 cm. It appeared 
to be firmly attached to the deeper structures and was slightly tender. Manipula- 
tion produced paresthesia in the distribution of the median nerve. 

The mass was explored. An ovoid growth measuring 4 by 2 cm. was exposed. 
It involved the median nerve. Local extirpation appeared impossible, and so the 
tumor together with 1% inches of adjacent nerve trunk were excised. The patholo- 
gist made a microscopic diagnosis of neurofibroma with questionable malignant 
change. The operation was immediately followed by paralysis and anesthesia of 
the structures in the hand innervated by the divided mediau nerve, 
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About ten days following neurectomy, the patient began to experience aching 
pain in the anesthetic portion of his hand. The pain became increasingly severe 
and soon reached the point where he could not sleep. I saw the patient fifteen days 
after the operation. The pain had certain definite characteristics. It was not 
cutaneous but was deeply situated in apparently anesthetic tissue; it was aching but 
not burning; it was constantly present; it was limited to the volar aspects of the 
first three fingers and the adjacent portion of the palm and did not radiate or shoot; 
and it could be partially relieved by prolonged application of heat to the painful 
part. 

Objectively, the portion of the hand innervated by the sectioned median nerve 
was dry, cold to the touch, and deeply cyanotic (Fig. 1). Cutaneous sensibility in 
this area was absent. The remaining portion of the hand was cooler than normal 
and was covered with perspiration. There was total paralysis of the muscles in the 
hand and forearm innervated by the median nerve. The operative wound was clean. 


Fig. 1.—The triangular-shaped patch of cyanosis outlining the zone of the peripheral 
cutaneous distribution of the median nerve in the hand. 


This case presented a threefold problem: (1) of explaining the presence of pain 
in apparently anesthetic tissue; (2) of determining how the painful impulses reached 
the central] nervous system; and (3) of determining what to do to relieve the pain. 
The nature of the pain suggested that it had its origin within the tissues of the 
hand as a result of the observed vasospasm. To determine whether this vasospasm 
was related to the phenomenon of ‘‘adrenaline sensitization,’’ 0.5 ¢.c. of 1 per cent 
neosynephrin hydrochloride was injected subcutaneously. No decrease~in skin 
temperatures followed, for the reason that superficial vasoconstriction was so intense 
that a further decrease in surface temperature could not occur. However, within a 
few minutes of the injection, the deep-seated pain increased in severity to the point 
where morphine had to be administered. 
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On the following day the ulnar nerve was blocked with procaine at the region of 
the elbow. (Leriche13 had reported connections between the ulnar and median nerves 
in the palm. He describes an instance where traction on the surgically exposed 
ulnar nerve produced pain in the distribution of the median nerve in the hand.) 


CITY HOSPITAL 
% Cleveland 
Peripherel Vascular Clinic 
35 Skin Temperature Test 
Name EH. Le O.P.D. No, 211840 
34 Date__9/10/s9_ 
33 
32 ‘ 
3 29) 
28 
27 
26 
| STABILIZING PERIOD 
25) Roc: TEP: 22.5 C. 
24/ 
22 
21 > 
20 
19 Of ULNAR NERVE 
18 


WT 


Time of Test-Minutes 


Fig. 2. 
CITY HOSPITAL 
Cleveland 
Peripheral Vascular Clinic 
35 Skin Temperature Test 
Name O P.D. No, _211840___. 
Dae __9/12/59 
33 
32 
3 PIFTH FINGER 
30) 
3 29) 
= 
| 
28 
27 
= STABILIZING PERIOD 
= ROOM TEMP: 22,0 C. 
v 
24 
22 
21 OT RELIEVED 
20 
19 
ip B THORACIC SYMPATH:TIC TRUNK 


Time of Test-Minutes 


Fig. 3. 


7 
a 
we 
& 
>. 
= 
— 


ATLAS: PERIPHERAL NERVE SECTION 321 


Anesthetization of the ulnar nerve was followed by immediate, complete relief of 
pain which lasted for several hours. The skin innervated by the blocked ulnar nerve 
became hot and dry. The surface temperatures of the portion of the hand in- 
nervated by the sectioned median nerve and in which pain was felt remained con- 
stant (Fig. 2). On a subsequent day the ulnar nerve block was repeated with similar 
results. 

It was evident that pain production was in the hand and that painful impulses 
were being carried over the ulnar nerve. It remained to be determined whether the 
afferent fibers carrying these sensations were somatic or sympathetic. Accordingly, 
a procaine block of the upper portion of the right thoracic sympathetic trunk was 
performed. A Horner’s syndrome followed. Skin temperatures in the ulnar dis- 
tribution rose to maximum vasodilatation levels, while those in the median nerve dis- 
tribution remained constant (Fig. 3). Pain was not affected. 

A final diagnosis was made of severe vasospasm in the peripheral distribution of 
a divided median nerve with irritation of extravascular somatic sensory nerve fibers, 
the fibers reaching the ulnar nerve through anastomotic connections between it and 
the distal portion of the divided median nerve. 

Despite the negative results obtained with a procaine block of the sympathetic 
trunk, it was deemed advisable to perform a sympathectomy in order to abolish the 
reflex vasomotor disturbances which were. beginning to affect the innervated portion 
of the hand. In addition, it was hoped that the resultant increase in temperature 
of the tissues surrounding the painful region by contiguity would progressively relax 
the spastic vessels in that region. 

Following the sympathectomy the entire right hand was dry, and with the ex- 
ception of the portion innervated by the sectioned median nerve, it was pink and 
warm. Within a few days the patient began to experience some diminution in the 
intensity of the pain in the palm. Two weeks later the pain had completely dis- 
appeared in the palm, but it was still present unabated in the fingers. Two months 
later the pain had disappeared from all but the tips of the anesthetic fingers. Six 
months later there was no pain, cyanosis in the anesthetic skin had disappeared, and 
its surface temperature had risen an average of 4° C. Ten months following the 
initial operation tests were performed to determine whether ‘‘adrenaline sensitivity ’’ 
in the peripheral distribution of the destroyed median nerve still remained. Five- 
tenths cubic centimeter of adrenaline was injected subcutaneously, and readings of 
the surface temperatures of the second, third, and fifth fingers were taken. The 
results obtained are shown in Table I. It will be observed that, while the skin 
temperatures in the fifth finger remained constant, those in the anesthetic second and 
third fingers conspicuously decreased. 


COMMENT 


There is little further to say concerning the mechanism of pain and 
vasospasm production. However, this case does present another point 
requiring emphasis. It has been recently suggested’* that the phenom- 
enon of ‘‘adrenaline sensitization’’ tends to disappear in a few months, 
and that there is no particular advantage accruing to the preganglionic 
types of sympathectomy. The observations in the reported case are at 
variance with these suggestions. The type of sympathectomy per- 
formed in this instance was preponderantly preganglionic. It con- 
sisted of the excision of the second thoracic ganglion through a posterior 
approach.** As a result we were dealing with a somewhat unique 
situation in which a surgical division of postganglionic fibers innervat- 
ing the blood vessels of one portion of a hand was immediately followed 
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TABLE I 


REACTION OF SURFACE TEMPERATURES OF SECOND, THIRD, AND FIFTH FINGERS TO 
SUBCUTANEOUS INJECTION OF 0.5 C.c. 1:1,000 ADRENALINE“ 


FINGERS 
SECOND THIRD FIFTH 
Resting skin temperature 28.9° 28.9° 31.9° 
Room temperature, 24.5° C, 

5 min. after injections 28.0° 28.0° 32.0° 
10 min. after injections 27.5° 27.6° 32.0° 
15 min. after injections 27.2° 27.4° 31.9° 
20 min. after injections 26.8° 26.8° 31.8° 
25 min. after injections 26.7° 26.7° 31.8° 
30 min. after injections 26.6° 26.6° 31.9° 


*Test performed ten months after destruction of postganglionic vasomotor fibers to 
second and third fingers and preganglionic vasomotor fibers to fifth finger. 


by a surgical interruption of the preganglionic fibers innervating the 
blood vessels of the remaining portion of the hand. Table I illustrates 
that ten months following these operations, the skin temperatures in 
the region of the preganglionic denervation were distinctly higher 
than those in the region of the postganglionic denervation, and that 
while the former remained constant following an injection of adrenaline, 
the latter conspicuously decreased. 
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AN APPARATUS FOR THE PREVENTION OF POSTOPERATIVE 
CIRCULATORY STAGNATION 


H. D. CogsweEuu, M.D., C. A. THomas, M.D., Tucson, Ariz. 
(From the Thomas-Davis Clinic) 


T IS generally agreed that one of the greatest predisposing causes of 

postoperative embolism and phlebitis is a retardation of the venous 
blood flow. This stagnation of the circulation is due chiefly to two 
factors: lessening of the excursions of the diaphragm, thus diminishing 
the negative intrathoracic pressure; and lack of muscular contractions 
and tone which pump the venous blood to the right heart. Ample evi- 
dence has been presented to prove that the incidence of these post- 
operative complications can be greatly lessened by means of muscular 
exercises which accelerate the cireulation.~* Wilson® and Pool® advo- 
cated flexing and moving the extremities. Payr’ attached a roller at the 
foot of the bed on which the patient made walking movements. Gamble 
uses a device consisting of two bicycle pedals mounted on a broad base 
for exercising the lower limbs by pedaling and de Takats and Jesser have 
recently recommended a similar apparatus. We have devised an in- 
expensive device using the same principle. It consists of a frame which 
loops over the end of a bed and pedals which are mounted on a support 
extended from the frame (Fig. 1). The instrument is easily portable 
by using the coaster on its base (Fig. 2); there is no possibility of the 
apparatus slipping and suddenly throwing an unexpected strain on 
the patient; the heel plates attached to the pedals give support to the 
legs so that there is no tension on the abdominal muscles, thus protecting 
fresh abdominal wounds and maintaining muscular strength. Patients 
who have had previous surgery verify this. 

Experience has shown that it is advisable to have a nurse or orderly 
present while the patient is exercising. For this reason, a foot brace 
is used to hold the frame firmly against the bed, instead of applying a 
brace to attach the base to the bed (Figs. 1 and 3). This also simplifies 
the removal of the apparatus from the bed. To prevent scratching the 
beds, the inner side of the frame is lined with sponge rubber. Increased 
resistance to muscular effort is made possible by tightening the bolts 
at the top of the uprights. More resistance should be added as the 
patient progresses. All of our postoperative patients, except infants, 
have used this routinely, and there have been no complaints of pain, 
fatigue, or discomfort from its use. Not only is the stagnation of blood 
overcome, but the patient is aided psychologically by giving him some- 
thing to do to aid in his recovery. The exercises are given three times 
daily for five to ten minutes, beginning the first postoperative day. 
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Fig. 1. Fig. 2. 


Fig. 1.—Apparatus in place over end of bed. Orderly’s foot on foot brace, giving 
firm stabilization. Note the heel plates attached to the pedals which give the feet sup- 
port allowing relaxation of the abdominal muscles. 

Fig. 2.—Method of transporting the apparatus from bed to bed. Its weight is ap- 
proximately 12 pounds. 


Fig. 3.—Anterior view of apparatus. Bolts at top of upright bars may be tightened to 
increase resistance to muscular effort. 
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Mr. Ely Wright, engineer at the Southern Pacific Sanatorium, de- 
signed and constructed the apparatus under our direction and deserves 
eredit for most of the innovations used. 

The equipment used in the construction of this apparatus cost $3.50. 
The uprights holding the pedals are automobile connecting rods. Simi- 
lar apparatus may be constructed by using the accompanying illustra- 
tions as a model. 
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CATGUT AND COLLAGEN 


Hans Feriz, M.D., Lecturer on SurgicaAL PatHotocy, UNIVERSITY OF 
AMSTERDAM, AMSTERDAM, HOLLAND 


AGEOTTE! has shown that tendon reduced to a collagenous sub- 

stance by fixation with aleohol or formalin does not behave like a 
foreign body when implanted into living tissues. Without phagocytic 
reaction it remains and becomes a part of the connective tissue of the 
host, subsequently being entered by fibroblasts and becoming a living 
part of the organism. The implant may be used to replace or repair 
fascia, tendons, or other tissues. The species specificity of this material 
is lost by fixation and it, therefore, may be used as a heteroplastic im- 
plant. 

The significance of this phenomenon of Nageotte can hardly be over- 
estimated, for it offers a new simple source of nonspecific material for 
plastic surgery or for use as tampons or ligatures. The use of this 
material for sutures may revolutionize surgical suture technique. 

In the recent past ligature materials have been discussed too little. 
One would judge from the present teaching of general surgery that our 
suture materials leave nothing to be desired, particularly with the intro- 
duction of modern catgut. Our texts mention only two fundamentally 
different kinds of suture material : the absorbable and the nonabsorbable. 
Nonabsorbable sutures, such as silk and metal, are easily sterilized and 
handled, but in the organism they act as foreign bodies and sometimes 
interfere with wound healing. Absorbable sutures, on the other hand, 
have caused trouble in the past because of difficulties in sterilization. 
Catgut, the commonest absorbable suture, is derived from the intestine 
of cattle, where the most resistant pathogenic bacteria are to be found. 
Nonresistance to boiling, therefore, has made sterilization the chief 
problem in the use of catgut, a problem which now has been largely over- 
come, so that catgut, which was used only in unsterile procedures twenty 
years ago, is now so generally satisfactory in surgical practice that its 
shortcomings have been greatly overlooked. 

It has been shown that catgut strands in the tissues are quickly in- 
vaded by leucocytes and a serous exudate, which so quickly cause swell- 
ing and loss of tensile strength in the sutures that they become un- 
reliable within a few days. Such considerations have caused many 
surgeons to reinforce gastrointestinal suture lines with silk and to lack 
faith in catgut for herniorrhaphies and plastic procedures. 

It was in herniorrhaphies and plastic procedures, as far as I know, 
that connective tissue from fascial bands, kangaroo tendons, etec., was 
first used as suture material. In using these suture materials, which 
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must be considered as autoplastic or heteroplastic transplants, atten- 
tion was drawn to the nearly forgotten fact that, in the last analysis, 
the problem of all sutures is one of implantation. The question of the 
suitability of such material, therefore, cannot be answered by the sur- 
geon alone, for at operation he tests only tensile strength, tying ease, 
ete. It is seldom realized that extensive experimental work is required 
to determine the effect of the tissues and the passage of time on the 
implant. 

While the absorbability of catgut is generally recognized, few of us 
appreciate how long a time or what conditions are required. We know 
that catgut loosens in fourteen days and assume that this is also the time 
required for absorption. Von Haefen? has recently called attention to 
the slow and irregular rate of absorption of catgut and I have found seg- 
ments of catgut scarcely changed in rabbit livers after 216 days. Simi- 
lar experiments have shown the impossibility of prediction of catgut 
absorption rates. Various factors affect the rate of absorption, such as 
the brand of catgut, probably owing to the chemicals used in preparation 
(chromic acid, iodine, formalin, ete.). The vascularity of the tissue and 
the degree of tissue damage by the suture also play a role, and necrosis, 
due to pressure or to the chemicals in the suture, may prevent absorp- 
tion altogther. In general, all catgut is difficult to find in most tissues 
after three months or in the peritoneum after six to ten weeks. 

Absorption of catgut seems to depend largely on imbibition of serous 
fluid by the suture material. Leucocytic invasion also occurs and ab- 
sorption is effected by digestion and phagocytosis. In case the imbibition 
of fluid is slight, leucocytie action is limited to the periphery of the 
strands and absorption proceeds much more slowly. Catgut has an 
affinity for leucocytes by means of which most strands are converted 
within a few weeks into tubular or band-shaped abscesses. Whether this 
affinity for leucocytes is a property of catgut itself or the result of the 
processes by which it is manufactured commercially from the smooth 
muscle of the gut, I cannot say. In comparative studies iodine-impreg- 
nated strands showed a greater affinity for leucocytes than American 
manufactured chromic catgut. This quality of catgut causes edema as 
well as leucocytic infiltration in the tissue immediately surrounding the 
sutures. The assumption that catgut, being an organic substance, is ac- 
cepted by the tissues without important reaction is therefore entirely 
wrong. 

The irritation of the surrounding tissues by catgut appears to be 
greater than that caused by nonabsorbable sutures, such as silk. If the 
claim is made in advertising literature of a modern catgut preparation 
(Braun) that absorption occurs without reaction, we must consider it a 
contraditio in adjecto. ‘‘ Healing in’’ is the reverse of absorption and 
absorption is the result of the reaction by the tissues; therefore, the re- 
sult of the irritation of these tissues, which cannot proceed ‘‘ without re- 
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Fig. 1.—No. 1 catgut in the abdominal wall of a rabbit, 107 days after implantation. 
Peripheral absorption by leucocytes which can be seen invading the frayed material, 


Fig. 2.—No. 1 catgut in the liver of a rabbit, 216 days after implantation. The 
sutures are for the most part unabsorbed. They are surrounded by a layer of leu- 
cocytes and a thicker one of connective tissue. A precipitate of calcium salts (dark 
colored) may be seen on the periphery of the sutures in some places. 
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action.’’ Catgut, as it is used today, is not a material acceptable by the 


tissues without reaction but is really a foreign body. The fact that it 
is not extruded ordinarily, but is destroyed or encapsulated, does not 
alter the case. These findings discredit one of the principal arguments 
for catgut and it, therefore, becomes necessary to seek other suture 
materials homogeneous with the tissues. 

Three years ago Van Os and Michaél*® described a new process by 
means of which threads were obtained from connective tissue; viz., the 
suture material brocafil. In the course of my experiments with this 
substance, and as a result of the technical and histological data obtained 


Fig. 3.—No. 1 catgut in the liver of a rabbit, 206 days after implantation. The 
sutures are for the most part unabsorbed. They are surrounded by a layer of leu- 
cocytes and a thicker one of connective tissue. A precipitate of calcium salts (dark 
colored) may be seen on the periphery of the sutures in some places. 


from Van Os and Michaél, the manufacturing process has been modified 
repeatedly. The conclusions mentioned in the present paper relate to a 
suture material which is not identical with that originally described by 
these authors, and for this reason some of my findings may differ from 
theirs. 

The raw material for the new suture is tendon from slaughtered cattle, 
which can be obtained with less contamination than intestinal wall. The 
process itself destroys the few bacteria present, for the tendons are 
treated with acid, forming a viscous solution of pure collagen. This 
solution is spouted in ribbon form into an alkaline solution and the pre- 
cipitated strands are dried and spun into threads. The breadth of the 
ribbons may be varied as desired from 2 to 25 mm. and the thickness 
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Fig. 4.—Collagen suture (No. 0 brocafil) on the surface of the liver, 107 days 
after implantation. There is a well-developed coat of connective tissue and the 
collagen is unabsorbed. 


Fig. 5.—Same as Fig. 4 with higher magnification. The connective tissue envelope 
is shown with peripheral connective tissuelike organization of the collagen substance. 
Fibroblasts have entered the strand through gaps in the collagen. 
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from 0.01 to 0.035 mm. Being satisfied with catgut at the time of the 
appearance of brocafil, at first I paid little attention to this new ma- 
terial, particularly since the first samples were brittle and difficult to 
handle, a fault which has now been corrected. However, I became in- 
terested in it for use as an absorbable tampon, an objective first sug- 
gested to me by the late Professor Lanz. In this connection a method 
was found to make a slightly denatured organic substance into tissues 
and membranes.* Later studies on collagen threads (brocafil) showed 
that the conclusions reached with tampons and membranes could not be 
applied unreservedly to sutures, as they possess somewhat different 
physical properties. In the past three years various collagen threads 
have been systematically studied.* 


Fig. 6.—Part of a No. 1 brocafil thread on the liver surface, 48 days after implan- 
tation. Beginning reoccupation of the collagen substance by connective tissue cells is 
shown. There is a slight digestion of the collagen on the surface and a giant cell 
may be seen. 


The first collagen sutures proved brittle, breaking easily when knotted, 
and had an insufficient tensile strength, which diminished even more 
on contact with tissue fluids. These difficulties, however, were overcome 
by altering the process of manufacture. 


The unexpected findings on microscopic examination of brocafil 
sutures previously placed in animal tissues were more disturbing. While 


*I wish to acknowledge the generous assistance given me by Professor Klarenbeek, 
of Utrecht, and Professor Heringa, of Amsterdam, while I was in their laboratories. 
Professor Heringa’s advice, based on his considerable knowledge of collagens, was in- 
valuable. The test material was provided by Messrs. N. V. Kon. Pharmaceutische 
Fabrieken, v.h. Brocades-Stheeman & Pharmacia, Meppel, Holland. It was with their 
—— during these experiments that this investigation was successfully con- 
clu 
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it had been hoped that this would be an ideal absorbable suture mate- 
rial, it was found’ quite or nearly unchanged months after implantation, 
and at first even seemed to have a pronounced affinity for calcium salts. 
Modification of the preparation has failed to produce an absorbable 
suture. 

Failure of absorption, although it has at first seemed a drawback, 
proved to be advantageous, for the collagen thread proved to be a ma- 
terial homogeneous with the tissues, which is accepted by the body al- 
most without foreign body reaction. From the outset the extraordinary 
slightness of the reaction had been impressive and it became’ evident 
that this was the cause of failure of absorption of the sutures. As a 


Fig. 7.—No. 0 brocafil in the liver, 107 days after implantation. Organization of 
the collagen material by young connective tissue is shown. Small foci of leucocytes 
on the periphery of the suture may be seen. 
rule the tissues neither extrude nor destroy the collagen material, but 
rather an affinity between the collagen and the connective tissue cells 
of the neighborhood of the suture is manifest. Fibroblasts enter the 
clefts of the suture so that a condition develops which Nageotte calls ‘‘la 
réhabitation des greffes mortes,’’ the connective tissues inhabiting, as 
it were, the dead substance of the implant. The more numerous the 
clefts in the sutures, the more marked is this invasion of fibroblasts. 
The threads which have been tightly twisted to increase tensile strength 
offer little opportunity for penetration by connective tissue cells and 
remain more or less unchanged for a long time and can be differentiated 
from hyaline connective tissue bands only by their spiral and concen- 
trie structure. Thus, a kind of organization of the periphery gradually 
occurs. 
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Fig. 8.—No. 000 brocafil suture in the abdominal wall, 42 days after implantation. 
There is rather marked reoccupation by connective tissue cells (“réhabitation”). The 
suture is surrounded by a border of granulation tissue with some giant cells. 


Fig. 9—Same as Fig. 8 with higher magnification, 
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At some points a very slight destruction of the collagen by mes- 
enchymal giant cells and leucocytes may be observed and is immediately 
followed by the formation of young connective tissue. This organiza- 
tion with destruction of the implanted collagen is fundamentally differ- 
ent from the primary ‘‘réhabitation’’ of the implant by connective 
tissue cells, described above, for in the latter case the implant is accepted 
as part of the tissue. The presence of leucocytes about the collagen 
threads depends on secondary factors, such as wound infection, and use 
in the wound of iodine or other substances possessing an affinity for 
leucocytes. The greater the number of leucocytes, the greater will be 
the digestion and absorption of the implant. 

The nature of the surface affects the fate of collagen implanted in 
the tissues. Thus, the smooth suture material, which offers little oppor- 
tunity for invasion by tissue elements, resists destruction and organizing 
processes predominate. On the other hand, the rough collagen surface 
of tampons, for example, tends to imbibe serous fluid freely and be 
destroyed and absorbed. We, therefore, observe the remarkable fact 
that two implants consisting of the same material undergo entirely dif- 
ferent fates, depending on their physical properties. The same is true 
of collagen membranes, for smooth parchmentlike membranes resist ab- 
sorption and may be found almost unchanged after one and one-half 
years, when they resemble hyaline fascia, while the rough membranes, 
resembling tissue paper, are quickly invaded, partly destroyed, and 
partly organized. 

Both kinds of collagen material are suitable for surgical use. Collagen 
suture, which is sufficiently developed for general use, cannot be likened 
to either silk or catgut but forms a new, third type of not entirely 
absorbable material which is nevertheless accepted by the tissues and 
converted to fibrous tissue strands. It may be used in hernioplasties, 
plastic procedures, and wherever permanence of the suture material is 
an advantage instead of a drawback. 

In abdominal surgery collagen sutures are to be avoided, at least for 
the present, because here the strands, with their affinity for connective 
tissue cells, may give rise to neoplasms, an end result repeatedly ob- 
served in animals. Nevertheless, for muscle and fascial suture it 
possesses definite advantages over catgut, for catgut causes damage 
to these tissues and the growth of an abnormal scar tissue secondary to 
the serous and leucocytic infiltration it stimulates. Collagen sutures, on 
the other hand, are assimilated by the tissues and become a part of them 
by invasion by connective tissue cells, thus adding strength to the 
tissue. The introduction of collagen suture suggests the ideal of a 
selective specific ligature method. It would certainly be a definite im- 
provement in surgical technique if for every tissue we could use the 
most nearly identical suture material: bowel wall substance (catgut) 
for bowel wall and connective tissue substance (brocafil) for connective 
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tissue. There is therefore every reason to accept the new collagen suture 
material along with catgut and silk. 

To be sure, surgeons will have to become acquainted with this new 
material. In contrast to catgut it must be used dry, but, after some 
practice, it offers no more difficulties than other threads. It is adequate 
in tensile strength and security of knots, although the ends should be 
left as long as when catgut is used. In some respects suture technique 
will need to be adapted to the new suture material; where extra strength 
of the sutured tissue is required, as in hernioplasties, tendon repairs, 
and certain plastic procedures, collagen threads should not be used 
sparingly, but rather freely. Heretofore the rule has been to leave as 
little ‘‘alien’’ suture material in the tissues as possible, but now the 
coapted connective tissue will be best strengthened by a liberal use of 
collagen, tissue-forming threads. Catgut weakens connective tissue in 
the neighborhood of the suture, but collagen, applied so as to avoid 
tension necrosis, adds strength. These general rules may suffice, but 
the technique of collagen suture must be left to the surgeon in special 
cases. 

SUMMARY 

Little is known about the absorption of catgut. It has been shown to 
be very variable, in one instance being present 216 days after implanta- 
tion in the liver of a rabbit. Catgut behaves as a foreign body in the 


tissues ; although it is not extruded, it is either destroyed by a leucocytic 
reaction or encapsulated and impregnated with calcium slats. Catgut, 
therefore, does not ‘‘heal into’’ the tissues but is absorbed as a result of 
a local inflammatory reaction. 

Broeafil, or collagen thread, on the other hand, is but slightly absorbed 
and primarily assimilated. This assimilation is: 


1. Primarily an invasion of the suture by fibroblasts (‘‘rehabita- 
tion’’). 

2. Secondarily, a building of collagen connective tissue strands from 
the suture material. 

Histologic studies indicate that the assimilation of brocafil, which 
occurs without inflammatory reaction, is preferable to absorption, which 
necessarily involves inflammation. Collagen suture is especially suitable 
for muscle and fascia apposition, hernioplasties, and plastic procedures. 
In the future more specific sutures will be possible, bowel wall sub- 
stance (catgut) for bowel wall and connective tissue substance (brocafil ) 
for connective tissue. 


The author takes this opportunity to thank Dr. Clarence Dennis, of the Department 
of Surgery of the University of Minnesota, for reading the manuscript and improving 
upon the diction. 
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Recent Advances in Surgery 


CONDUCTED BY ALFRED BLALOcK, M.D. 


A REVIEW OF THE PATHOGENESIS AND SURGICAL 
TREATMENT OF THYROID DISEASE 


BENTLEY P. Cotcock, M.D., Boston, Mass. 
(From the Department of Surgery, the Lahey Clinic) 


ITHIN the past year the twenty thousandth thyroid operation was 

performed at the Lahey Clinic. It may be of interest in the light of 
this experience to review some of the more important clinical aspects of 
diseases of the thyroid gland as well as to present some of the recent de- 
velopments relating to the pathogenesis of these conditions. 


PATHOGENESIS 


The literature on the etiology and pathogenesis of thyroid disease is 
voluminous. An excellent review of the literature dealing with this 
phase of the subject was made in 1937 by Mahorner.t Since that time 
large numbers of articles have appeared dealing with the etiology of 
thyroid diseases, and these will be reviewed. Certain lines of investiga- 
tion that were promising a few years ago have failed to live up to ex- 
pectations ; other work has been disproved by more recent investigators, 
and other so-called facts remain the center of considerable controversy. 


The work of Marine,? Kimball,’ and others, which indicates that 
endemic or simple goiter is a deficiency disease due to a lack of iodine 
in our food and drink, is supported by Eggenberger’s‘ careful study 
of endemic goiter in the county of Vaud, Switzerland. He found that 
the goitrous counties north of Lake Geneva were not grouped geo- 
graphically but according to the political boundaries of the county of 
Vaud. He found that from 1875 to 1891 the incidence of goiter was 
much less in the county of Vaud which used a salt containing iodine, 
than in the adjacent county of Fribourg which used an iodine-free salt. 
At the beginning of this century the former county which obtained its 
salt from its own salt mine in Bex began to refine its salt. As the salt 
began to contain less and less iodine, the incidence of goiter in Vaud 
increased. In 1924 iodine was added to the salt in the proportion of 
5 mg. of sodium iodide to 1 kg. of cooking salt. At that time goiter was 
present in 77 per cent of the population, and in 1937, thirteen years 
later, this figure had dropped to 21 per cent. The greatest decrease was 
noticed in the nodular enlargements, not one of which was to be observed 
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in the school children in 1937. In Appenzell an iodized salt (10 mg. to 
1,000 Gm. of cooking salt) was introduced in February, 1922. Here the 
best and most rapid results were noticed in the newborn. Owing to the 
use of iodized salt by the prospective mothers from the beginning of 
pregnancy (2,000 cases), no babies were born with goiter. Before this 
prophylactic measure was instituted, about 50 per cent of newborn 
babies in this district showed thyroid enlargement. Goiter during 
puberty did not appear in children who used iodized salt from the time 
of birth. The symptoms of cretinism also decreased in this same region. 
In army recruits the general growth was found to be much greater. 
The average height increased from 162 to 168 em., and the chest ex- 
pansion from 84 to 87 em. between 1924 and 1938. According to 
Koller,®> feeble mindedness and ecretinism in children decreased from 
1922 to 1937, as well as deafness and deaf mutism. 

Eggenberger* also states that toxic adenoma was observed only in pa- 
tients who did not use iodized salt regularly, and that the incidence of 
carcinoma of the thyroid gland seemed to increase at first, but after five 
years showed a remarkable decrease. That iodine deficiency may not be 
the only factor involved is indicated by the work of other observers. 
Lang® holds to the radioactivity theory and states that all other goiter 
theories lack consistency. He found that the disintegration of the upper- 
most strata of the soil produces radioactivity and that there is a definite 
parallelism between the intensity of emanation production and the in- 
cidence of endemic goiter and cretinism. Scott’ feels that the element 
arsenic is probably a factor directly or indirectly concerned in the 
etiology of goiter, cretinism, and endemic deaf mutism. Wahlberg,* 
from a study of a map of goiter incidence in Finland drawn on the basis 
of medicai examinations of conscripts, found that it coincided with a 
low iodine and high ealeium content in the soil within the goiter area. 
He felt, however, that this did not prove a causal significance for either 
of these factors, but rather that the relatively rich occurrence of iodine 
outside this endemic area might have an inhibitory effect just as the rich 
deposits of ecaleium within it may have an aggravating influence on 
the disposition to goiter. 

When we come to consider the etiology of hyperthyroidism, we find a 
picture that is even further from completion, in spite of the tremendous 
amount of work that has been done upon it. Out of this mass of evidence 
two facts seem fairly well established as being concerned in the produce- 
tion of hyperthyroidism. One factor, which Elmer® calls the external 
factor, is the hyperfunction of the anterior lobe of the pituitary gland. 
The other, or internal factor, is the insufficiency of the thyroid gland 
itself whereby it loses its ability to retain its elaborated hormone, 
thyroxine. 

Collip’ feels that the anterior pituitary has a twofold action on the 
thyroid, one which influences the secretion of the thyroid hormone and 
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the other which changes the morphology and size of the gland. Evidence 
has been introduced to show that these two normal influences can be 
separated from each other. It has long been known that the injection 
of anterior pituitary thyrotropic hormone in guinea pigs and dogs will 
temporarily raise the metabolic rate and give rise to the signs and symp- 
toms of thyrotoxicosis. Thompson and his associates’! found that pa- 
tients with normal levels of metabolism could be made temporarily 
thyrotoxie and that in patients with toxic goiter the thyrotoxicosis could 
be made temporarily more severe. In six patients in whom this hor- 
mone was given for long periods, the basal metabolic rate, after an 
initial increase, dropped to a lower level than it had been initially, 
and was associated with a marked improvement in the patient. They 
feel, however, that at the present time the thyrotropic hormone does not 
heve much value from the standpoint of routine therapy. 

Elmer® succeeded in inducing experimentally a maintained hyper- 
thyroidism in dogs and guinea pigs by injecting the thyrotropie hormone 
in increasingly larger doses. These dogs were characterized by a con- 
_ Stantly elevated metabolism, a loss of weight despite an increased appe- 
tite, hyperiodinism, hypocholesterolemia, heart muscle damage, and 
histologically hyperfunctioning glands, seriously depleted of iodine. 
The anterior lobe of the pituitary in these dogs was almost completely 
deprived of acidophilic cells, which suggested to him that these cells 
were responsible for the production of thyrotropie hormone and that 
this appearance was due to the atrophy of disuse. He emphasized that 
the extensive liver damage constantly found in these experimental 
animals may prove to play a very important part in the pathogenesis of 
thyrotoxicosis. As he expressed it, the excessive production of the 
thyroid hormone by the thyroid gland and the slowing up of the de- 
struction of the hormone by the liver result in an accumulation of the 
thyroid hormone in the body, with symptoms of thyrotoxicosis. He found 
no recent evidence to support the theory that hyperthyroidism is due to 
a disturbance in an equilibrium of thyroxine and antithyroid hormone, 
in which the thyroid hormone becomes predominant. 

In this connection, Collip’? states that it has been impossible up to 
the present time to produce inactivation, in human patients, of thyro- 
tropic hormone, with any antihormone prepared so far. The anti- 
hormones that have been prepared which are able to neutralize human 
thyrotropic hormone are not suitable to give to human patients. 

Elmer finds no recent evidence to support the theory of the secretion 
of an altered thyroid hormone as being responsible for thyrotoxicosis. 
He feels that the part played by the midbrain is limited, that the gonads, 
particularly the ovaries, exert their effect through the pituitary, and 
he rejects the hypothesis of a primary insufficiency of the adrenal cortex. 
Collip states that the functional and morphologic characteristics of the 
adrenal cortex are dependent upon the secretory action of the anterior 
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lobe of the pituitary. Bartels and co-workers,!? from chloride depletion 
tests carried out on forty patients with hyperthyroidism, found nothing 
to support the theory that cortical hypofunction is a potent factor in 
causing hyperthyroidism. 

Elmer also states that there is insufficient evidence for accepting the 
primary role of vitamin deficiency in this condition. 

As for the role played by the sympatheties in the produetion of hyper- 
thyroidism, Friedgood and Cannon" found that the cervical sympathetic 
trunks and the splanchnic innervation of the adrenals are not essential 
to the action of the anterior hypophyseal thyrotropic hormone. Brock 
and co-workers!’ found that bilateral cervical sympathectomy in rab- 
bits caused a decrease in metabolic activity fairly uniformly, but stimula- 
tion of cervical sympathetic trunks did not cause an increase in the 
basal metabolic rate. The fact that the thyrotropie hormone acts 
directly on the thyroid without any intermediary has also been demon- 
strated by Eitel and his associates,!® who found that an extract contain- 
ing this factor when added to slices of dog thyroid increased the con- 
sumption of oxygen by the thyroid tissue and caused histologic changes 
similar to those usually seen in vivo. 


BLOOD IODINE 


A considerable amount of work has been done within the past few 
years upon blood iodine determinations in hyperthyroidism. This 
work has been found to have certain clinical applications. It is gen- 
erally agreed that clinical hyperthyroidism is associated with the release 
of abnormal amounts of iodine from the thyroid, and many observers 
have drawn attention to the negative iodine balance which exists in this 
condition. In a e¢linical study of patients in 1936, Perkin, Lahey, and 
Cattell’? found the iodine level of the blood elevated in 70 per cent of 
the cases of clinical hyperthyroidism and normal in the remaining 30 
per cent. Perkin and Lahey'® have since correlated the blood iodine 
level with the duration of symptoms in 305 cases of primary hyper- 
thyroidism in which treatment had not been given. They found that 
the iodine level of the blood is elevated in the majority (86 per cent) 
of cases of hyperthyroidism in which the symptoms have been present 
for from one to nine months. The iodine level tended to fall within the 
normal range when the syndrome of clinical hyperthyroidism had been 
present for one year or longer. They point out that since in many cases 
the syndrome of clinical hyperthyroidism cannot be attributed solely to 
hypersecretion of iodine-containing products from the thyroid gland, 
other factors must be considered in the pathogenesis of the disease. 

Perkin and Cattell'® *° carried this further in a study based on 256 
eases of exophthalmie goiter and involving 833 blood iodine determina- 
tions. They divided their patients into three groups. In Group I they 
placed the 170 patients with an elevation of blood iodine before operation 
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and in whom the blood iodine fell to normal and remained normal after 
operation. The course of these patients was followed for one year; it 
was found that 90 per cent were completely cured, 15 patients or 8.8 per 
cent had transitory postoperative myxedema, and only 1 patient had re- 
eurrent hyperthyroidism. In Group II they placed the 61 patients with a 
normal preoperative blood iodine and a temporary postoperative increase 
in blood iodine. In this group 73.7 per cent were clinically cured, 3.3 
per cent had transitory myxedema, and 19.7 per cent had persistence 
or recurrence of their hyperthyroidism. In Group III they placed 
the 25 patients who had a normal preoperative blood iodine value and 
no change in the iodine level following subtotal thyroidectomy. In 
this group, 96 per cent of the patients were clinically cured and 1 
patient (4 per cent) had transitory postoperative myxedema. Since 
practically all the recurrent cases occurred in Group IT and since there 
is a very low incidence of myxedema in both Groups II and III, they 
urged that a more radical thyroidectomy be done in these two groups; 
that is, in patients with a normal or low preoperative blood iodine level. 
They also point out that in long-standing cases the blood iodine level 
not only is normal but in most eases is uninfluenced by subtotal thy- 
roidectomy, and they concluded that iodine metabolism as reflected by 
the blood iodine level is a secondary factor in these cases. 


Hertz and associates,?! in experiments with radioactive iodine, found 
evidence of a relatively high threshold for iodine uptake by the thyroid 
in hyperthyroidism. They felt that this might explain how a gland 
known to have a great affinity for iodine, as the thyroid does in this 
disease, still does not cure itself by taking up the small quantities of 
iodine normally found in the diet, but can be definitely benefited by 
the administration of a relatively large quantity of iodine. 


It should be mentioned that several papers have appeared in the 
literature by McClendon”? and others dealing with new and improved 
methods of blood iodine analysis. Many of them are excellent, but the 
apparatus still remains complicated and the technique involved. The 
work of Trevorrow”* supports that of Perkin in showing that methods 
of alcohol precipitation do not recover thyroxine in the organic iodine 
fraction ; whereas, methods of dialysis apparently do so. 


CLASSIFICATION AND DIAGNOSIS 


Before proceeding with a clinical discussion of thyroid disease, one 
must define the terms that will be used in order not to add to the con- 
fusion that already exists in the literature concerning the classification 
of thyroid disease. It is doubtful if any one classification of thyroid 
disease can be made that will be completely satisfactory to the surgeon, 
the internist, the pathologist, and the physiologist. At present, the fol- 
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lowing classification, based partly on structure and function and partly 
on clinical findings, has been found for many years to be very satisfac- 
tory to us in dealing with a considerable number of thyroid patients. 


I. Colloid goiter 
IT. Adenomatous goiter 
A. With secondary hyperthyroidism 
III. Primary hyperthyroidism 
IV. Adenoma 
A. With secondary hyperthyroidism 
V. Carcinoma 
VI. Thyroiditis 
A. Acute 
1. Suppurating abscess 
B. Chronic 
1, Hashimoto type 
2. Riedel type 
3. Tuberculous 
4, Syphilitie 
VII. Myxedema 
A. Spontaneous 
B. Postoperative 


I. Colloid Goiter (Nontoxic, Diffuse, Physiologic, Adolescent ).—By 
this term we refer to a diffuse symmetrical enlargement without demon- 
strable clinical change in function. It is characterized by a simple 
hypertrophy of the gland with an increase in the size of the follicles and 
the amount of colloid storage. Hyperplasia is not marked and de- 
generative changes are absent. It is usually seen in girls from 9 to 18 
years of age, although it is common in both sexes, and occurs at an 
earlier age where goiter is endemic. It may occur in adults at times 
of physiologic strain, such as during pregnancy, debilitating disease, 
or infection. The treatment is primarily medical and consists of im- 
proving the diet and hygiene of these patients by the administration of 
small amounts of iodine. Obviously, these patients should not be op- 
erated upon even when the goiter is associated with nervousness and 
emotional instability. 

II. Adenomatous Goiter (Diffuse, Nodular, Endemic, Colloid ).—This 
is a palpably nodular goiter, usually asymmetrical and often involving 
the entire gland. It probably starts as a colloid goiter in which lo- 
ealized areas of hypertrophy and hyperplasia have been followed by 
varying degrees of involution and degeneration. Thus it is charac- 
terized by fibrosis, cystic formation, cholesterin deposits, and even 
calcification. Histologically, it may show all the cellular changes that 
can occur in any type of goiter except the specific inflammations, It 
is an infrequent site of carcinoma, and in this connection it is impor- 
tant to distinguish it from the discrete or fetal adenoma. It is also 
important to remember that the two conditions may coexist. It is com- 
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mon in regions where goiter is endemic. It is probably preventable by 
the administration of iodine, but after its development it is unaffected by 
medical treatment. The condition becomes surgical because of size, 
with pressure on the trachea and surrounding structures, because of 
its tendency to assume a substernal or intrathoracic position, because of 
the possibility of malignancy, and finally, because of superimposed 
hyperthyroidism. The last usually occurs some years after the develop- 
ment of adenomatous goiter. In this clinie the ratio of adenomatous 
goiter to adenomatous goiter with secondary hyperthyroidism is three to 
two. The actual difference is probably much greater since many in- 
dividuals in the nontoxie group, being asymptomatic, do not seek medical 
advice. 

Ill. Primary Hyperthyroidism (Toxic Diffuse Goiter, Exophthalmic 
Goiter, Graves’ Disease, Basedow’s Disease).—This type of thyroid 
disease, familiar to all, has made up approximately 50 per cent of the 
more than 20,000 thyroid operations performed in this clinic and forms 
the most important group, from a surgical standpoint, of all thyroid dis- 
ease. 

IV. Adenoma (Discrete, Fetal).—This is a discrete tumor separated 
from the rest of the gland by a definite fibrous capsule. It is probable 
that most of these tumors are of fetal origin, and the microscopie appear- 
ance may vary from the earliest fetal type of structure (cord and sheets 
of cells without follicle formation) to the most adult type of structure. 
Likewise, any degree of cellular change may be present, including hyper- 
plasia, the various stages of degeneration, and malignancy. Because of 
the danger of malignant degeneration we feel very strongly that any 
adenoma, irrespective of size and irrespective of the age of the patient, 
should be removed. 

V. Carcinoma.—These cases have been further subdivided for pur- 
poses of prognosis and treatment. Their management is a combined 
radiologic and surgical problem. 

VI. Thyroiditis—Acute thyroiditis is uncommon and is usually pre- 
ceded by an upper respiratory infection. The gland is slightly en- 
larged, tender, firm, and may be associated with fever. It is usually ac- 
companied by a sense of constriction in the neck, and pain on swallow- 
ing. Respiratory obstruction is uncommon. It usually subsides on con- 
servative medical means, and only when abscess formation occurs is 
surgical treatment indicated. 

Chronie thyroiditis is more common than and clinically must be 
differentiated from carcinoma. It may give rise to respiratory difficulty 
from tracheal constriction and it may be associated with hypothyroidism. 

VII. Spontaneous or idiopathic myxedema is uncommon. Postopera- 
tive myxedema or hypothyroidism occurs in approximately 4 per cent 
of all patients submitted to subtotal thyroidectomy. The treatment of 
both is, of course, medical. 
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It is obviously impossible to describe in detail the diagnosis and treat- 
ment of all these thyroid entities in the limited space available. The 
remainder of this paper will be limited to a discussion of those aspects of 
thyroid disease which are of particular interest to the surgeon. 


ADENOMA AND ADENOMATOUS GOITER 


It has been pointed out that the surgical problems associated with 
adenomatous goiter and the discrete adenoma resolve themselves into 
three main categories: first, the extrication of large adenomatous masses, 
frequently intrathoracic; second, the association of fetal adenoma and 
malignant degeneration ; and third, the frequent association of secondary 
hyperthyroidism. 

I. Intrathoracic Goiter—Intrathoracie goiters are either outgrowths 
of adenomatous tissue from the lower poles of the thyroid gland or ex- 
trusions of true adenomas from the lower poles of the thyroid into the 
mediastinum. The attachment of the thyroid muscles to the sternum, 
and overlying the thyroid gland, serves to guide extruding adenomas into 
the superior mediastinum. These adenomatous masses, onee lodged in 
the superior mediastinum, can increase in diameter only by descent, since 
the anteroposterior outline of the chest tapers inward from below up- 
ward. Over a period of years they may extend almost to the diaphragm. 
Before this occurs, however, they usually give rise to sufficient symptoms 
to force the patient to seek medical advice. The most important symp- 
tom is, of course, interference with breathing due to pressure on the 
trachea. Most intrathoracic goiters deviate the trachea laterally as the 
adenomatous mass tends to topple to one side or the other of the ridge- 
like trachea. On the other hand, adenomas arising particularly in the 
isthmus not infrequently descend behind the sternum so as to cause 
marked anteroposterior pressure on the trachea. Tor this reason all 
patients with an adenoma or adenomatous goiter, the lower border of 
which descends behind the sternum, should have lateral as well as antero- 
posterior roentgenograms of the trachea before operation. In many 
patients with intrathoracic goiters, the narrowing of the trachea with 
consequent increase in the interference with breathing can frequently 
be aggravated by flexion of the head, such as turning the head to the 
left when an intrathoracic mass on the left side has already stretched the 
trachea far to the right. In addition to tracheal pressure, the intra- 
thoracie goiter will frequently produce a considerable amount of venous 
obstruction by pressure on the internal jugular veins. This may be 
manifested by the compensatory dilatation of the superficial thoracic 
veins, and oceasionally when both internal jugular veins are compressed, 
by a ‘‘puttylike’’ edema of the face. 

The dangers associated with the removal] of intrathoracie goiters are 
associated with two fundamental problems: first, the maintenance of an 
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adequate airway while the intrathoracic mass is withdrawn from the 
chest ; and second, the control of bleeding. 

That dramatic moment when the surgeon, having mobilized the intra- 
thoracic mass, was ready to deliver it through the narrow superior 
thoracic strait, knowing that for a few precious seconds the patient 
would be totally obstructed and knowing that wedging of the mass at this 
crucial period might spell disaster, has now largely been eliminated 
through the use of the semirigid intratracheal tube. 

This is not to imply that the intratracheal tube has made anesthesia 
in these cases a simple matter. The introduction of the tube in a 
patient with a markedly deviated and narrowed trachea may tax the 
abilities of the best anesthetist. It is usually possible, however, with 
good exposure of the larynx by direct laryngoscopy and thorough coeain- 
ization of the larynx and trachea, to insert the tube before starting the 
anesthetic, thus insuring an adequate airway from the very beginning, 
and avoiding the difficulty in getting these patients (with their narrow 
trachea) sufficiently anesthetized so that intubation can be done under 
anesthesia. 

In spite of this help there are many intrathoracic goiters whose size 
makes it impossible to deliver them through the superior thoracic strait. 
Formerly this necessitated disarticulation of the clavicle and the re- 
moval of a portion of the manubrium. Lahey has called attention to a 
valuable point in the handling of this type of case. He has pointed 
out that most of the intrathoracic goiters are soft and semicystic. There- 
fore, if the tumor is too large to be withdrawn easily through the 
superior thoracic strait, he incises the capsule, thrusts a finger into the 
center of the tumor, breaks up the center, and aspirates the contents 
with the suction tube. The shell of the adenoma is then withdrawn with- 
out difficulty. In an experience with over 300 completely intrathoracic 
goiters he has rarely found it necessary to remove the manubrium ex- 
cept when the mass is carcinomatous and the center may be solid. 

The control of bleeding is not difficult when it is realized that every 
intrathoracic goiter gets its blood supply from above; that is, from the 
superior and inferior thyroid arteries which it carries with it as it 
descends into the thorax. If these are ligated, together with the superior, 
middle, and inferior thyroid veins, before manipulation of the tumor 
is attempted, the danger of uncontrollable bleeding is slight. All this 
presupposes adequate exposure of the field of operation, and there can 
surely be no argument regarding the advisability of the bilateral division 
of the prethyroid muscles in these cases. 

One other point to which attention has been called in the last few 
years is the length of time of postoperative drainage indicated following 
the removal of an intrathoracic goiter. The cavity which remains ean- 
not be obliterated except by the gradual expansion of the lung and 
pleura. If the postoperative drainage is not prolonged, that is, three 
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weeks or more, many of these patients will return with an accumulation 
of fluid in their mediastinal cavity. 

It should be borne in mind that many of these intrathoracic goiters, 
with all their resulting problems, should never oceur. If, as Lahey and 
others have repeatedly pointed out, every patient who has a goiter were 
examined once or twice a year, it could readily be determined whether 
an adenoma occupying the lower lobe of the thyroid was becoming 
intrathoracic, and its removal could be advised. 

II. Carcinoma of the Thyroid—As emphasized by Lahey, Hare, and 
Warren,”’ the logical approach toward decreasing the number of patients 
who lose their lives from malignaney arising in any given organ is, 
above any other consideration, concerned with the removal of pre- 
malignant lesions in that organ when such states are known to exist. 
The close association of adenomatous goiter and discrete adenoma with 
carcinoma of the thyroid is indicated in their study of 18,500 thyroid 
operations at the Lahey Clinie in which they found that 80 to 90 per 
cent of malignant tumors of the thyroid gland developed in pre-existing 
adenomas, usually in glands in which a single adenoma was present. 
In 10 per cent of all patients with a preoperative diagnosis of discrete 
adenomas and in 5 per cent of those with a preoperative diagnosis of 
adenomatous goiter, malignant degeneration was present at the time of 
operation. Brenizer and MeKnight,”° in a study of 84 cases of carcinoma 
of the thyroid, concluded that 80 per cent of all cases arise in pre- 
existing adenomas and that the incidence of cancer in true adenomas 
is about 8 per cent. Graham,?* Crile,?* and others feel that at least 80 
per cent of all cancer of the thyroid arises in pre-existing adenomas. It 
has been repeatedly demonstrated that malignant degeneration may oc- 
cur in an adenoma 1 em. or less in diameter. Moreover, Pemberton,” 
Hare,*’ and others have called attention to the not infrequent occurrence 
of earcinoma of the thyroid in children and young adults. From all 
their observations one cannot emphasize too strongly that any adenoma 
or any mass that simulates an adenoma in the thyroid gland should 
promptly be removed. The all too common practice of advising these 
patients to watch their adenomas (or even to forget them), merely be- 
cause the patient is less than 35 vears of age or because the adenoma is 
small in size, should be vigorously condemned. 

While the most satisfactory plan of surgery in the treatment of ecar- 
cinoma of the thyroid lies in the removal of thyroid tumors before they 
become malignant, it should not be assumed that once suggestive evi- 
dence of malignant degeneration has occurred in an adenoma, the 
situation is hopeless. The stony hardness in one or both lobes of the 
gland is often due to thyroiditis rather than to malignancy, particularly 
if the symmetry and anatomical outline of the gland are preserved. The 
sudden enlargement and fixation of a previously freely movable adenoma 
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may be due to hemorrhage into the adenoma rather than malignant de- 
generation, particularly if there is localized pain and tenderness asso- 
ciated with it. Even when malignant degeneration has occurred it 
may not have penetrated the capsule of the adenoma or it may have 
eroded the capsule and invaded the gland at only one point. Radical 
operation combined with radiation, which is generally recognized today 
as the most satisfactory form of treatment for thyroid malignaney, will 
save the majority of these patients. Lahey, Hare, and Warren,”* in a 
study of 231 cases of cancer of the thyroid gland, found a five-year 
survival rate of 71 per cent in cases of malignant adenoma with blood 
vessel invasion. The rate was even higher in papillary adenocarcinoma 
(80 per cent) and was least favorable in diffuse alveolar, small round- 
cell and giant-cell carcinoma. Pemberton,?® in a study of 774 cases of 
malignant lesions of the thyroid gland, found the same variation as re- 
gards the type of malignaney, with a five-year survival rate of 70 per 
cent and a ten-year survival rate of 58 per cent for all cases. 

Even when dealing with extensive and apparently hopeless malignant 
disease, it is wise to obtain a biopsy specimen for pathologic examination, 
since the degree of radiosensitivity is known to vary markedly with the 
different types of thyroid carcinoma. If the tumor is radiosensitive, 
much can be done for these patients in the way of relief of symptoms 
and prolongation of life. Nor is a poor prognosis to be given in a ease in 
which there is a nodule in one lobe of the thyroid plus several (question- 
able metastatic) palpable nodules along the great vessels of the same 
side. As a matter of fact, such a case will probably fall in the group of 
patients with the most favorable prognosis of all thyroid malignancies ; 
that is, the papilliferous tumors of the thyroid, including those of 
aberrant thyroid origin. These usually occur in patients under 40 years 
of age and are five times more frequent in women than in men. They 
must be differentiated from tuberculous adenitis, lymphosarcoma, and 
other tumors by biopsy and microscopi¢e examination. Cattell®’ reported 
30 cases with lateral aberrant thyroid tissue in which one-third showed 
a similar but quite separate involvement of the thyroid lobe on the same 
side. In all, the aberrant thyroid tissue was removed surgically and post- 
operative radiation therapy was given to all who showed malignant 
change. A follow-up examination of these patients revealed that 20 had 
no recurrence; 4 had recurrence but have remained well after a second 
operation. Four patients have died of proved cancer. One patient died 
of recurrent malignant disease of lateral aberrant thyroid origin. One 
patient had had repeated pathologie fracture of the right humerus, and 
another, metastasis to both lung fields. Ward*? also found 2 deaths 
from papillary tumor in aberrant thyroid tissue, 1 from local reeur- 
rence and 1 from pulmonary metastasis. This would seem to indicate a 
somewhat more guarded prognosis than was at first thought indicated 
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in these tumors of lateral aberrant thyroid origin which recur locally so 
frequently and metastasize so infrequently. It is generally agreed today 
that the treatment should consist of radical dissection of the neck plus 
the removal of any similar tumors in the thyroid gland. If malignant 
degeneration has occurred in any of these tumors, the operative proce- 
dure should be followed by x-ray therapy. 

One cannot leave the subject of thyroid carcinoma without empha- 
sizing one important technical point which has been appreciated within 
the past few years. Graham?’ has pointed out the tendeney for re- 
current thyroid malignancy to extend within the thyroid veins, thus 
indicating the necessity of a wide and radical removal of the adjacent 
veins along with the tumor itself. By ligating and dividing the internal 
jugular vein high and low in the neck, the entire vein along with its 
tributaries (the superior, middle and inferior thyroid veins), the aceom- 
panying lymph nodes, and the tumor ean all be removed in one piece. 

IIT. Secondary Hyperthyroidism.—There is an almost universal tend- 
ency today to regard all cases of hyperthyroidism, both primary and 
secondary, as representing a single disease. Therefore, the association 
of adenoma and adenomatous goiter with secondary hyperthyroidism 
will not be discussed apart from hyperthyroidism in general except 
to call attention to two outstanding clinical differences. The patients 
with secondary hyperthyroidism may respond less well to iodine medica- 
tion and to preliminary pole ligation than do patients with exophthalmie 
goiter. Moreover, possibly due to their more advanced age with re- 
sultant damage to vital organs, they present a definitely greater opera- 
tive risk. 

The operative mortality at the Clinic in exophthalmic goiter is 0.66 
per cent. The case mortality is 0.91 per cent (the two figures are of 
course due to the fact that many patients had more than one operation ; 
this also includes recurrent hyperthyroidism). In adenomatous goiter 
with secondary hyperthyroidism, however, the operative mortality rises 
to 2.30 per cent and the case mortality to 2.73 per cent. 


HYPERTHYROIDISM 


Of the 20,000 thyroid operations that have been performed at the 
Clinie, approximately 76 per cent were on patients suffering from hyper- 
thyroidism. The great majority of goiter patients in our section of the 
country, at least, fall into the primary hyperthyroidism or exophthalmic 
goiter group. We are quite convinced, however, that the type and 
severity of hyperthyroidism vary markedly in different parts of the 
country, a fact which must be kept in mind-in the evaluation of thyroid 
statistics. 

Diagnosis.—The classical description of hyperthyroidism is so well 
known that it needs no repetition. I will merely mention certain points 
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which we feel have been helpful in the recognition of the less obvious 
cases and in the differentiation of conditions which may closely simulate 
hyperthyroidism. 

While loss of weight is one of the most common symptoms of hyper- 
thyroidism, when it has been accompanied by a poor appetite from the 
beginning it is usually not due to hyperthyroidism. Exophthalmos, 
another outstanding symptom of hyperthyroidism, while present in only 
DU per cent of the cases, is still many times more frequent in this condi- 
tion than in any other disease. ‘ When it is present, even if unilateral, 
hyperthyroidism must be ruled out. 

Certain symptoms are important because of their absence. A fine 
tremor and a palpable heart thrust may oceur in purely nervous in- 
dividuals as well as in patients with hyperthyroidism, but their absence 
is indicative of little thyroid overactivity. Patients suffering from 
‘‘neurasthenia’’ or neurocirculatory asthenia usually feel ill; whereas, 
the average patient with hyperthyroidism feels fine, particularly when 
resting. The hands and feet of the neurasthenie are usually cold and 
moist, in contrast to the warm, moist hands and feet of the hyperthyroid 
patient. Although warm moist skin, sensitivity to heat, and other 
signs of increased circulation are characteristic of thyrotoxicosis, it must 
be remembered that the elderly patient who does not have the capacity to 
react vigorously to hyperthyroidism may not exhibit these signs and 
symptoms. These patients often present a picture aptly described as 
apathetic hyperthyroidism. In these patients, who may show little else 
except an increased pulse rate and an unexplained loss of weight, the 
diagnosis may easily be overlooked. Frequently, when the diagnosis 
is made, the seriousness of the condition is not appreciated, and an un- 
expected fatality is the result of a subtotal thyroidectomy. 

The blood pressure in hyperthyroidism is usually moderately elevated, 
but the loud and snapping sounds heard in the stethoscope as the 
mereury in the sphygmomanometer approaches the level of the diastolic 
pressure are even more characteristic and important. Except for hyper- 
thyroidism it is only present in aortic regurgitation and marked arterio- 
sclerosis. Congestive heart failure may occur in this condition if 
auricular fibrillation or organic heart disease is present, but congestive 
failure with normal rhythm and no demonstrable cardiovascular disease 
is very rare in hyperthyroidism. Enlargement of the thyroid gland or 
goiter is usually present but is not necessarily visible, and may only 
be detected by careful palpation. A change in consistency even when the 
size appears normal will usually be detected on careful palpation. The 
hyperplastic gland is firmer than normal, and after the administration 
of iodine the firmness may approach hardness. While the group of 
patients designated as having neurocireulatory asthenia form the largest 
group in which hyperthyroidism must be ruled out, the symptoms of 
hypertension, especially when associated with menopausal symptoms, 
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will simulate those of hyperthyroidism even more closely. These patients 
have a feeling of warmth, perspire readily, often have a rapid pulse and 
are emotionally unstable. The hypertension alone will frequently give 
patients a warm moist skin and a sensation of warmth. They have an 
active heart with foreeful sounds and may even have a suggestion of 
exophthalmos. The menopausal patient will usually show no weight loss 
unless the appetite is very poor, and any tremor present is apt to be 
gross and inconstant. In the hypertensive patient the diastolie pressure 
is usually elevated; whereas, a diastolic pressure over 100 is unusual in 
pure hyperthyroidism. These patients will frequently show a false 
elevation of the basal metabolic rate at the first test, especially if the 
test is done when they are outpatients. Even when the patient is at 
bed rest in the hospital it may require two more readings to get the 
true basal metabolic rate. Any patient who has auricular fibrillation, 
whether temporary or permanent, in a heart without valvular lesion 
or other definite damage, should be eonsidered as a patient with hyper- 
thyroidism until this is ruled out. Even when organic heart disease 
is present, superimposed hyperthyroidism may be the factor which 
initiates the fibrillation. The tremendous improvement that subtotal 
thyroidectomy will produce even in this last group of patients makes it 
very important that this factor not be overlooked. When the auricular 
fibrillation is associated with eardiae failure, the gradual collection of 


edema may mask a marked loss in weight due to the hyperthyroidism. 
Leucemia, diabetes, tuberculosis, and rheumatie infection may at times 
simulate hyperthyroidism but the other factors involved will usually 
reveal the diagnosis. It is also to be remembered that when diabetes or 
tuberculosis coexists with hyperthyroidism, correction of the hyper- 
thyroidism greatly improves the associated condition. 


Pathologic Physiology.—The pathologie physiology, in so far as we 
understand it today, has already been discussed under the pathogenesis 
of the disease. Mention will be made here of other interesting observa- 
tions along this line which have been made in the past few years. We 
know that there is a reduction in plasma cholesterol in the majority of 
cases of clinical hyperthyroidism and that this returns to normal follow- 
ing the relief of the hyperthyroidism. We also know that there is an 
abnormal elevation in plasma cholesterol in cases of clinical myxedema 
and that this furnishes us with one of our best diagnostic tests for this 
condition. This also falls to normal following the feeding of desiccated 
thyroid. Hurxthal and Perkin,** by feeding thyroid extract to mice, 
found that the decrease in the body content of cholesterol was not due 
to an increase in excretion of the cholesterol but to an actual destruction 
of the total body cholesterol. They also found that there appeared to 
be a specific optimal dose of desiccated thyroid effecting optimal destruc- 
tion of cholesterol. 
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More evidence of the important role played by the liver in this eondi- 
tion was found by Bartels** in his studies on the serum protein in hyper- 
thyroidism. He had previously noted that the degree of disturbance of 
liver function, as determined by the hippurie acid test, is in direct rela- 
tion to the severity of the hyperthyroidism as determined by the basal 
metabolic rate, and the clinical opinions as to the necessity for a one- or 
two-stage operation. He found that there was a rough correlation be- 
tween the level of the total serum protein and the excretion of hippurie 
acid used as a test of hepatic function. In 73 per cent of the eases in 
which the value for the total serum protein was below 6 Gm., a two-stage 
operation was required, and in all cases in which the serum albumin 
content was 3 Gm. or less two-stage operations were required. Bartlett*® 
has pointed out that blood amylase, another indication of liver function, 
is decreased as thyroid activity increases. Crile, Jr.,°° found that liver 
function tests indicated that liver function was most impaired in elderly 
patients with hyperthyroidism, and believes that liver failure is the 
most common cause of delirium and confusion following operation on 
these patients. 

Shaffer,** in a study of the liver from 24 fatal eases of toxie thyroid 
disease, found a loss of liver weight, fatty infiltration, cirrhosis, and 
lymphoeytie infiltration in the periportal region often associated with 
patchy fibrosis. He found these lesions much greater in frequeney and 
severity than in a carefully studied group of 100 control cases. 

Means** feels that there is good reason to suspect that most patients 
with hyperthyroidism suffer from a relative shortage of vitamin B. 
Drill and Hays** found an increased requirement for vitamin B in ex- 
perimental animals with hyperthyroidism and suggested that a sub- 
normal amount of vitamin B in the diet may be at least partially respon- 
sibie for abnormal liver function in this disease. These studies would 
indicate that a high protein diet with supplementary vitamin B, in 
addition to large amounts of carbohydrate and iodine, might well be 
used in the preoperative preparation of patients with hyperthyroidism. 

Little need be said regarding the great value of iodine in the pre- 
operative preparation of these patients, for it has long proved its worth. 
Cutting and Kuzell,*’ in experimental hyperthyroidism produced by the 
injection ». thyrotropic hormone in guinea pigs, found that only sodium 
iodide would limit consistently the increased metabolie rate. Sulfanil- 
amide and phenobarbital reduced the degree of hyperthyroidism by a 
general depressant action only, and testosterone and calcium gluconate 
did not affect it at all. Most authorities condemn the long-continued 
use of iodine without operation in hyperthyroidism. The beneficial effect 
is eventually lost in the vast majority of patients and then a preopera- 
tive improvement can no longer be obtained by the use of iodine. This 
is the so-called iodine-fast patient. Means, however, feels that a few 
selected cases of hyperthyroidism may be treated by iodine alone. He 
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cites particularly the type of case in which, on the initial dose of iodine, 
the basal metabolic rate has dropped to a substandard level. We believe 
that in this type of case one would have to be very certain that the 
patient had hyperthyroidism in the first place, and second, that the 
apparent cure was maintained over a period of years. 

A review of the recent literature would indicate that roentgen therapy 
as a method of treating hyperthyroidism is being used less and less 
frequently. Certainly it is true that those surgeons and physicians most 
familiar with this disease have never felt that the results of roentgen 
therapy would compare with the results obtained from radical operation. 
Even in the poor-risk, severely toxie patient, Pemberton‘! believes that a 
preliminary pole ligation or lobectomy is preferable to x-ray treatment. 
The majority opinion certainly supports this view. Means feels that 
x-rays should be used routinely for recurrent hyperthyroidism. We be- 
lieve that this method of treatment may be justifiable if the thyroid 
remnants are small. It should also be pointed out that anyone familiar 
with thyroid surgery has frequently been surprised at the rather 
large size of the remnants as disclosed at operation in cases in which 
little could be palpated preoperatively. 

Treatment.—There has been no radical change in the preoperative 
preparation of hyperthyroid patients within the past few years beyond 
perhaps the administration of additional amounts of protein and 
vitamin B. Our main reliance is still on iodine, and most authorities 
agree that its maximal effect is obtained in eight to fourteen days. While 
bed rest is the other mainstay in the preoperative period, allowing the 
patients to move about a little during the last few days before operation 
is probably better, from a circulatory standpoint, than is complete bed 
rest. 

The question of anesthesia in these patients is still a matter of opinion. 
Many surgeons still prefer local anesthesia, feeling that it is the safest 
of all anesthetics. This point could only be proved by comparing mor- 
tality figures of a large series of comparable cases in which operation 
was performed under local anesthesia and under other methods of anes- 
thesia. We feel that this point has not been proved, and that patients 
with hyperthyroidism are not as well able to withstand the emotional 
ordeal of a major surgical procedure awake and conscious as any other 
type of patient. We doubt if there is any combination of narcotics and 
other drugs which can be used in safe doses and yet insure that the 
patient will not remain awake and keenly conscious of what is going 
on. Ether is associated with a prolonged induction period and fre- 
quently followed by vomiting, a very undesirable complication in the 
immediate postoperative period of these patients. Nitrous oxide we 
feel must be used with too little oxygen (usually 10 per cent) for use in 
patients in whom oxygen demands are two to three times that of the 
average patient. Avertin, which is frequently used with nitrous oxide, 
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in addition to being a respiratory depressant, has, in the experience of 
Cole and Brunner,*® occasionally aggravated the toxicity in severely 
toxic patients. The first answer to this increased demand for oxygen in 
the anesthetic mixture came with the introduction of ethylene in 1924. 
With this gas, a higher concentration of oxygen could be used (15 to 
20 per cent) and it has been a very satisfactory form of anesthesia in 
thyroid surgery. Cole and Brunner* feel that it is the anesthesia of 
choice. With the introduction of cyclopropane in 1937 it became possible 
to administer 50 to 85 per cent oxygen in the anesthetic mixture, and for 
many years we have felt that it is the best single anesthetic for use in 
hyperthyroidism. There is a tendency, however, to cardiac irregu- 
larities, especially in patients with coexisting heart damage with the use 
of cyclopropane in higher concentrations and this has led to the latest 
development in general anesthesia for toxic patients. Smaller concen- 
trations of cyclopropane are used and the anesthetic mixture is fre- 
quently diluted with moderate amounts of ethylene, and even small 
amounts of ether whenever there is any tendency to cardiae irregularity 
or in patients with known eardiae damage. Cyclopropane-oxygen is an 
explosive mixture (although no more so than nitrous oxide-oxygen, ether 
or ethylene-oxygen mixture) and a considerable amount of work has 
been done in the last few years upon eliminating this hazard. Wood- 
bridge, Horton, and Connell** have discussed the prevention of static 
spark and have described an intercoupler now installed on all our anes- 
thetic machines which may prove to be the answer to the anesthetic 
explosive hazard. 

For many years we have been convinced that there are patients with 
thyrotoxicosis who, no matter how carefully prepared, will not stand 
subtotal thyroidectomy, but who will stand hemithyroidectomy. We are 
also convinced that a few patients will survive hemithyroidectomy only 
if first submitted to preliminary pole ligation. Continued experience 
has given us no reason to change these convictions despite frequent state- 
ments of a contrary nature which appear from time to time in the litera- 
ture. Approximately 20 per cent of our toxic patients are operated upon 
in two or more stages. Marshall** found that a drop in the metabolic 
rate, a drop in pulse, and a gain in weight occurred in 85 per cent of 
patients following a first-stage hemithyroidectomy, and in 66 per cent 
following preliminary pole ligation. The elderly patient, those in whom 
the disease has been present for over a year, the severely toxic, the 
patient who has lost 50 pounds or more in weight, the patient with toxie 
symptoms of the gastrointestinal tract, the patient who fails to gain 
weight in the hospital—all carry an increased operative risk. If such a 
patient fails to survive a subtotal thyroidectomy, the surgeon must in all 
fairness assume that this patient might have survived a less extensive 
procedure. The patient’s course on the operating table is only one of the 
factors in evaluating the risk of a subtotal procedure in any given case. 
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An apparently uneventful course should not tempt the operator into 
doing a complete operation on a patient in whom the age, toxicity, and 
preoperative course would seem to make hemithyroidectomy advisable. 
The converse of this, of course, is not true. Occasionally a patient in 
whom a subtotal thyroidectomy had seemed indicated, by an increased 
consumption of oxygen, a widening pulse pressure, and rising pulse rate, 
will warn the alert operator to be content with hemithyroidectomy. 

The necessity of adequate exposure has been repeatedly emphasized in 
the last few years. With adequate exposure by means of a high elevation 
of the flap, division of the prethyroid muscle, and the complete lateral 
dissection of the gland, uncontrollable hemorrhage should never occur 
and parathyroid tetany and recurrent laryngeal nerve injury should be 
reduced to a minimum. The prophylaxis of these two complications is 
far more satisfactory than their treatment, and the prophylaxis is based 
largely on adequate experience and a dry operative field. 

Postoperative Complications.—The most important complication which 
is likely to oceur in the first twenty-four hours following operation is 
respiratory obstruction. When the obstruction is due to a profuse 
hemorrhage from the superior or inferior thyroid arteries, the clinical 
picture is dramatic and calls for immediate treatment. The incision 
must be opened on the spot without regard for asepsis, the prethyroid 
muscles separated, the clot quickly evacuated, and a gauze pack in- 
serted until the patient can be brought to the operating room and the 
bleeding vessel ligated. Prompt action of this sort has saved more than 
one life in the past. 

Much more frequent is the partial obstruction due to laryngeal edema 
or paralysis of the voeal cords. Beeause the cyanosis and other signs of 
respiratory obstruction are much less marked, they are frequently over- 
looked. Yet the end results of this type of obstruction may be just 
as serious as when due to profuse hemorrhage. Nurse, intern, and 
surgeon must be on the alert for mild degrees of cyanosis and early signs 
of obstruction. If these signs are present, the patient must be watched 
very closely and if they show any tendency to persist or increase or 
if there is any question of the patient’s receiving an adequate supply of 
oxygen, tracheotomy should be promptly performed. Delay in these 
patients is serious. Pemberton has said, when in doubt, do a tracheotomy 
at onee. Lahey has pointed out that patients with a slight cyanosis as a 
result of tracheal obstruction, who are permitted to go through the 
night suboxygenated and then have a tracheotomy performed the follow- 
ing morning, frequently continue to sink into unconsciousness and die. 


The next important complication which may occur in the postoperative 
period is the development of thyroid crisis. Here again, as in other 
complications of thyroid surgery, prophylaxis is much more satisfac- 
tory than treatment. The careful preparation of these patients, and 
particularly the accurate estimation as to the amount of surgery each 
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individual patient will tolerate are our best protections against thyroid 
crisis. Careful sedation, oxygen, Lugol’s solution and ample amounts of 
intravenous fluids and glucose in the first forty-eight hours following 
operation will control most of the postoperative reactions which oeeur 
in these toxie patients. 

Postoperative tetany is a distressing complication which, thanks to 
adequate exposure and careful preservation @f the parathyroid glands, 
is becoming less and less common. Out of 20,000 thyroid operations at 
the Clinie there have been but ten cases of established tetany. Caleium 
gluconate by vein and calcium lactate and dihydrotachysterol (A.T.10) 
by mouth will control most of the transient cases very satisfactorily.* 

A similar situation exists in regard to paralysis of the recurrent 
laryngeal nerves. In 1926, at Dr. Lahey’s*® suggestion, the routine ex- 
posure of the recurrent laryngeal nerve in all thyroid operations was 
started at the Clinic. With adequate exposure, its visualization and the 
accurate determination of its position add but a few minutes to the 
operative procedure. With the nerve under direct vision, the radical 
resection of thyroid tissue, whether malignant or benign, may be earried 
out with far greater ease of mind than when one is merely hoping that 
the nerve will not be caught in the dissection or involved in the resulting 
sear. Certainly, the routine exposure of the recurrent laryngeal nerve 
has definitely decreased the percentage of nerve injury in our hands. 
Even those who feel that it is not necessary to visualize it in all cases 
must agree with Cutler that any surgeon doing thyroid surgery must 
visualize it in a sufficient number of cases to be perfectly familiar with 
its usual position. Moreover, in cases in which it is apt to be out of its 
usual position, as in adenomatous goiter, it would seem advisable to ex- 
pose the nerve and to know where it is rather than to assume it is in its 
normal position. It is generally agreed today that the nerve can be ex- 
posed completely in its cervical course without harm to the nerve or 
patient. 

While an injury to one nerve is unfortunate, the injury of both re- 
eurrent laryngeal nerves is a serious surgical calamity. There is at first 
loss of voice, still with normal ability to breathe, but within a few 
months, although the voice returns, there is increasing difficulty in 
breathing, because of the constant narrowing of the glottic space from 
fibrosis of the cords and fixation of the arytenoid cartilages. This 
narrowing may become so marked that the necessity for a tracheotomy 
becomes urgent. Two operations have been devised which offer adequate 
relief to these unfortunate individuals. That of Hoover,*® now well 
tested over a five-year period, consists in the submucous exision of one 
cord by a laryngofissure, thus leaving an adequate airway through a 
space lined with mucosa. This relieves completely the incapacitating 


*We have recently obtained equally satisfactory results with vitamin D2 used in 
place of A.T.10, along with calcium lactate, in the treatment of chronic tetany. 
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dyspnea of these patients but leaves them with a limited voice. Another 
more recent operation has been devised by King,*’ by means of which 
the arytenoid cartilage is loosened and then fixed in a lateral position by 
attachment to the thyroid cartilage. This also has restored an adequate 
airway to these patients, and may prove to leave them with a better voice 
than does the submucous resection of the cords. 

Persistent hyperthyroidism must, in most cases, be considered as due 
to a failure to remove sufficient thyroid gland at the original operation. 
The cause of recurrent hyperthyroidism is unknown; it is most likely 
due to the same factors which produced the original disease. Cattell and 
Morgan,** in a study of 4,455 cases of exophthalmie goiter, found the 
incidence of persistent hyperthyroidism to be 2.4 per cent and recurrent 
hyperthyroidism to be 3.7 per cent (306 cases in all). These cases 
were followed for a period of from two to twelve years. Coller and 
Potter*® reported 267 cases of exophthalmie goiter with a recurrence rate 
of 4.8 per cent. Joyce*® found a recurrence rate of 5.7 per cent in toxie 
goiter, and Berlin and Gargill®! found an incidence for persistent and 
recurrent hyperthyroidism of 5.2 per cent. There seems to be a general 
agreement that certain cases, especially mild cases, can be controlled on 
iodine therapy alone or in conjunction with radiation. There is also, 
however, a general agreement that the treatment of choice for the more 
severe case, especially when the remnants are enlarged, is subtotal ex- 
cision of the thyroid remnants. This agreement exists in spite of the 
fact that all of the complications found after primary operation for 
hyperthyroidism occur in a considerably higher percentage after 
secondary operations. 

SUMMARY 


A review of recent developments relating to the pathogenesis of 
diseases of the thyroid gland has been presented. In addition, certain 
factors in the diagnosis and treatment of these conditions have been dis- 
cussed, which, in the light of our experience at the Clinic, seem par- 
ticularly significant from the point of view of the surgeon. 
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Review of Recent Meetings 


REPORT ON THE MEETINGS OF THE AMERICAN SOCIETY 
FOR PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS, 
INC., CHICAGO, ILL., APRIL 15-19, 1941 


Harotp N. Wricut, Px.D., MINNEAPOLIS, MINN. 


(From the Department of Pharmacology, the University of Minnesota 
Medical School) 


T THE thirty-second annual meeting of the American Society for Pharmacology 

and Therapeutics in Chicago, April 15 to 19, 1941, some 108 papers were 
presented. Among the more important papers of interest to the surgeon were the 
following: 


At the joint session of the Federation of American Societies for Experi- 
mental Biology, E. K. Marshall, Jr., from Johns Hopkins University, discussed the 
work which he and his collaborators have done with sulfanilylguanidine, a chemo- 
therapeutic agent of the sulfonamide series recently introduced for the treatment 
of intestinal infections. Sulfanilylguanidine is water soluble to a considerable 
degree, yet poorly absorbed from the intestine. The use of intestinal antiseptics 
heretofore has depended upon low water solubility to avoid absorption, The idea 
of a drug which is fairly water soluble and therapeutically active but not absorbed 
from the intestine presents a new principle in the use of the new bacterial chemo- 
therapeutic agents; the fundamental principle involved is the achievement of a 
high concentration of the drug in the intestine and a low concentration in the blood 
and tissues. The acute toxicity of sulfanilylguanidine by mouth is very low, 
probably due to poor absorption. Continuous administration in mice and rabbits 
indicates that it is probably less toxic than sulfapyridine and sulfathiazole. Favor- 
able results were reported of the clinical use of the drug in the treatment of a 
series of cases of acute bacillary dysentery. 


Considerable attention was again given to the mechanism of action of the 
sulfonamide group of drugs. J. T. Litchfield, Jr., H. J. White, and E. K. Marshall, 
Jr., from Johns Hopkins University reported that by determination of the median 
survival blood concentration for neoprontosil and sulfanilamide in mice infected 
with a B-hemolytic streptococcus they concluded that the entire chemotherapeutic 
activity of neoprontosil is due to the sulfanilamide formed from it in the animal 


organism. 


The mechanism of action of sulfapyridine was studied by A. Dorfman, L. Rice, 
and §S, A. Koser, of the University of Chicago. They found that the stimulation 
of respiration normally produced by the addition of nicotinamide to the culture 
medium of dysentery bacilli grown on a nicotinamide deficient synthetic medium 
is completely inhibited by the addition of sulfapyridine, acetylsulfapyridine, or 
sulfathiazole. This inhibition of respiration by sulfapyridine can be partially 
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reversed by the addition of an excess of nicotinamide, the active compounds ap- 
parently competing with nicotinamide for the enzyme or enzymes. Sulfanilamide, 
on the other hand, does not possess this specific activity, but causes only a small 
inhibition unrelated to the nicotinamide stimulation. These workers, therefore, 
postulate that sulfapyridine may owe its therapeutic activity to two different groups; 
namely, the sulfanilamide group which causes the nonspecific inhibition obtained 
with sulfanilamide, and the pyridine group which specifically inhibits the activity 
of the enzymes associated with nicotinamide and related compounds; and they sug- 
gest that this twofold activity of sulfapyridine may account for the greater 
efficiency of this compound over sulfanilamide in the treatment of a number of 
diseases. Sulfathiazole acts in a manner similar to that of sulfapyridine. 


Flizabeth M. Cranston, of the University of Minnesota, compared the pressor 
effects and toxicity of ephedrine and racephedrine (the racemic mixture of d- and 
l-ephedrine). The L.D. 50 for intravenous injection in normal rabbits was 60 to 70 
mg./kg. for ephedrine and 90 mg./kg. for racephedrine. In barbitalized rabbits, 
ephedrine intravenously produced a greater rise in blood pressure than racephedrine 
in equal doses, but the toxicity was the same for both drugs, early toxie symptoms 
appearing with 20 mg./kg., and 60 mg./kg. killing four out of five animals. 
T. J. Becker, M. R. Warren, D. G. Marsh, and R. S. Shelton, of the Research Lab- 
oratories of the Wm. 8S. Merrell Co., reported a study of a new ephedrine com- 
pound, nethamine hydrochloride (levo-N-ethyl ephedrine hydrochloride). The 
M.L.D. following intravenous administration to rabbits was 50 mg./kg., or ap- 
proximately the same as that of 1l-ephedrine. Prolonged daily administration in 
doses of 25 mg./kg. intravenously or 50 mg./kg. orally produced no apparent 
pathologie changes. Very little central stimulation results from administration 
of the drug to rats. The pressor effect of this compound is about one-tenth the 
pressor action of similar amounts of l-ephedrine. In perfusion experiments 
1-N-ethyl ephedrine and l-ephedrine were found to relax normal bronchioles to 
approximately the same degree. Strips of isolated rabbit small intestine were 
usually relaxed by 1l-N-ethyl ephedrine, but at times a stimulation was produced. 
Preliminary experiments on the stomach in situ indicate that the substance 
produces a definite inhibition of gastric peristalsis. 


The importance of the autonomie nervous system in the action of morphine 
was again stressed in a number of papers. C. I. Wright, of the National Institute 
of Health, reported on the inactivation of choline esterase by morphine and some 
of its derivatives. Increasing concentrations of morphine, dilaudid and di- 
hydrodesoxymorphine-D produced increasing inactivation of the choline esterase 
of dog serum and rabbit brain. The inactivation produced by dihydrodesoxy- 
morphine-D was much greater than that produced by either morphine or dilaudid, 
being 69, 45, and 44 per cent respectively for a drug concentration of 0.53 mg./e.c. 
D. H. Slaughter, C. R. Treadwell, and J. W. Gales, from Baylor University, re- 
ported on some relationships between morphine and the cholinergic drug prostig- 
mine methyl sulfate. They found that the administration of 0.1 mg./kg. of 
prostigmine methylsulfate to morphine addicted dogs during the withdrawal period 
following prolonged administration of three daily subcutaneous doses of 20 mg./kg. 
of morphine sulfate resulted in a more rapid disappearance of the morphine from 
the blood stream, a 9 per cent decrease in the excretion of morphine, and a decrease 
in the severity of the withdrawal symptoms, These workers have also found that 
the analgesic action of morphine is enhanced by the simultaneous administration 
of certain cholinergic drugs. The administration of prostigmine simultaneously 
with a half-dose of morphine produced an analgesic effect equal to that of a full 
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dose of -orphine. The analgesia was produced more quickly and lasted for a longer 
peri 1 of time than when morphine was given alone. Atropine produced a slight 
decr e in the analgesic effect of morphine, while epinephrine not only decreased 
the .nalgesia but in some cases completely abolished it. 


The synthesis of a new type of inhalation anesthetic was reported by J. C. Krantz, 
Jr., and S. E. Forman, of the University of Maryland. They reported the prepara- 
tion and testing of two ethers of cyclopropane, thus combining the properties of 
both types of compounds. 


C,H,—O—C,H, CH, 
Ethyl Ether 


CH.—CH, 
Cyclopropane 


CH, CH, 


cH,—cH—O—CH, cH,—cH—o—C,H, 


Cyclopropane Methyl Ether Cyclopropane Ethyl Ether 
(Cyprome Ether) (Cypreth Ether) 


Cypreth ether is a true hybrid molecule between ethyl ether and cyclopropane. 
Its potency in laboratory animals approximately equals that of chloroform and its 
anesthetic index is more than twice as great as that of ethyl ether. Cyprome ether 
has been employed in human anesthesias and is intermediate in characteristics be- 
tween ethyl ether and cyclopropane. 


A considerable number of papers were presented dealing with drugs acting on 
the heart and circulation. G. E. Fahr and J. S. LaDue, of the University of Min- 
nesota, reported on the effects of intravenous administration of lanatoside C, a 
crystalline cardiac glycoside from Digitalis lanata. A dose of 1.6 mg. of lanatoside C 
was administered intravenously to ten patients with severe heart failure associated 
with normal sinus rhythm. Control teleoroentgenkymograms, blood pressure and 
circulation time measurements were made at the start of the experiment. All pa- 
tients showed a prompt increase in the stroke volume of the heart. Optimal im- 
provement was shown after 30 to 60 minutes; the transverse diameters of the hearts 
were 0.5 to 2.0 em. smaller than at the beginning of the experiment, and the stroke 
output increased 10 to 40 per cent. In all cases except one there was a parallel 
increase in blood pressure and a decrease in circulation time. 


Walter Modell and Harry Gold, of Cornell University, reported on the use of 
digitalis to prevent exaggerated acceleration of the heart during exercise in 
patients with auricular fibrillation. Gold had previously shown that digitalis 
action on the heart is made up principally of two factors, a vagal factor which is 
abolished by atropine, and an extravagal factor not affected by atropine. Ven- 
tricular rate is controlled by both factors, the extravagal factor assuming 
greatly increased prominence as complete digitalization to the point of minor 
toxic symptoms is approached. In their present study on eleven patients, Modell 
and Gold found that exercise to the limits of endurance failed to accelerate the 
ventricle appreciably above 100 a minute when ‘‘extravagal’’ digitalization was 
obtained, and that, therefore, contrary to the customary belief, the exaggerated 
acceleration of the heart during free physical exercise may be satisfactorily con- 
trolled by ‘‘extravagal,’’ that is, complete digitalization in patients with auricular 
fibrillation. 


In another paper Janet Travell and Harry Gold reported on the extent of ab- 
sorption of some digitalis preparations from the gastrointestinal tract in the cat 
and man. In cats only a small proportion, usually about 25 per cent, of the 
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potent principles in tincture of digitalis is absorbed from the gastrointestinal 
tract, the percentage varying for different specimens of leaf. Digitoxin-like 
preparations are practically completely absorbed after oral administration. 
Lanatoside C is absorbed much less rapidly and completely than is digitoxin. Ex- 
periments in man supported the statement of R. A. Hatcher and C. Eggleston 
that the gastrointestinal absorption of digitalis and its purified principles parallels 
that in the cat. The digitoxin-like materials which are almost completely absorbed 
in the cat, are also well absorbed in man since the intravenous and oral digitalizing 
doses are the same, about 3 cat units. About 20 cat units of digitalis orally are 
required to produce the same effect. Lanatoside C which is poorly absorbed in the 
cat is also poorly absorbed in human beings since the equivalent therapeutic doses 
of this glycoside are about 4 cat units intravenously and about 40 cat units orally. 


REPORT ON THE FIFTY-THIRD ANNUAL MEETING OF THE 
AMERICAN PHYSIOLOGICAL SOCIETY, CHICAGO, ILL., 
APRIL 15-19, 1941* | 


Ricuarp L. Varco, M.D., MINNEAPOLIS, MINN. 
(From the Department of Surgery of the Medical School, University of Minnesota) 


HE following report covers a few of the many papers presented before the 
Society at the joint Session of the Federation. 


C. H. Best and D. Y. Solandt, from the University of Toronto, Toronto, studied 
traumatic shock in a large number of dogs and concluded that fluid loss at and 
adjacent to the site of injury, as measured by a volume displacement technique, 
though usually a major factor was not the only etiologic agent responsible for 
death. Their own experiments, as well as those of Bayliss, Cannon, Moon, Essex, and 
collaborators, suggest the action of a toxie factor playing a role, after its release 
from injured tissue. 


Micromanipulative studies, in the mesentery and tongue of the frog, on vascular 
responses to localized microinjury and to remote trauma by Robert Chambers 
and by Benjamin W. Zweifach, respectively, Washington Square College, New 
York City, suggest the evolution of a toxic substance. Following trauma there is 
a general loss of vascular tone characterized by dilatation of venules, enlargement 
of capillary bed and capillary stasis, an absence of rhythmic contractions in arterioles 
and their refractoriness to contractile nervous influences, along with a generalized 
increased permeability of vessel walls, as noted by increased diffusibility of certain 
dyes. 


This sequence is consistent with the findings of M. L. Cullen, A. E. Schecter, 
and N. E. Freeman, of the School of Medicine, University of Pennsylvania, Phila- 
delphia, that a reduced circulation of blood is present in the uninjured limb of 
ether anesthetized dogs during a state of traumatic shock. Hemoconcentration 
and elevation of serum specific gravity in their experience developed only after 
failure of circulation. 


*Abstracts of all the papers submitted at this meeting will appear in the American 
Journal of Physiology. 


Received for publication June 2, 1941. 
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William H. Olson, F. Netwelt, H. Gutmann, H. Necheles, and S. O. Levinson, 
of Michael Reese Hospital, Chicago, noted regularly in anesthetized dogs following 


spontaneous traumatic or morphine shock an elevation of 100 to 300 per cent in 
the circulation time, using the cyanide method. This circulation time was effectively 
lowered by an infusion of saline solution, serum or plasma, with the duration of the 
change reflecting the efficacy of the fluid administered; i.e., following the intravenous 
saline solution the reduction of circulation time was brief, while after an infusion 
of serum or plasma a prolonged improvement of circulation time was noted. 


Shock developing in barbital anesthetized dogs following repeated hemorrhages 
or acute plasmaphoresis and maintained thusly at a mean blood pressure of 40 to 
70 mm. Hg for two hours was found by Jacob M. Werle and Richard S. Cosby, 
of Western Reserve University Medical School, Cleveland, to be irreversible de- 
spite reintroduction of all the blood or plasma withdrawn. It was felt that the 
failure to respond did not represent visceral engorgement nor withdrawal of in- 
jected fluid by the spleen as determined by autopsy findings and measurements. 


Henry N. Harkins, R. T. Boals, and C. Frank Chunn, of Henry Ford Hospital, 
Detroit, studied the fate of fluids injected into animals with traumatic shock and 
were in agreement with the idea postulated by Moon that there is a generalized 
increased capillary permeability. Whereas in normal animals there was an 
initial blood concentration following the intravenous injection of concentrated 
plasma, followed by a gradual return to normal values, animals in shock admin- 
istered plasma concentrate developed a sudden transient dilution of the plasma, 
immediately superseded by a reconcentration in the severe cases. It was con- 
cluded that this represented a difference in capillary permeability between nor- 
mals and animals in shock. 


J. D. Beale, Jr., L. L. Chastain, and H. S. Hells, from the School of Medical 
Sciences, Wake Forest College, Wake Forest, N. C., pointed out that using barbital 
anesthetized dogs it was possible to elevate the arterial pressure as much as 64 mm. 
Hg by placing the animal in a Trendelenburg position 70° from the horizontal. In 
instances of shock from hemorrhage or trauma, where the pressure was maintained 
below 70 mm. Hg for several hours, inversion resulted in the usual elevation of 
pressure unless vasomotor, respiratory, or cardiac failure had supervened to a 
severe degree. They felt that these terminal states could be relieved or postponed 


by keeping the animal in shock in the inverted posture. 


Chemical changes were studied in dogs subjected to trauma until the carotid 
artery blood pressure reached 50 to 60 mm. Hg by H. Gutmann, William H. Olson, 
H. H. Kroll, 8. O. Levinson, and H. Necheles, of Michael Reese Hospital, Chicago. 
A significant drop in arterial CO, and O, values, simultaneously with an elevation 
of lactic acid concentration and a decrease in pH, not explicable on the basis 
of the lactic acid accumulation alone, were recorded. Arteriovenous oxygen dif- 
ferences were marked. Hemoglobin and hematocrit readings were indicative of 
hemoconcentration, while the specific gravity of whole blood and plasma proteins 
varied inversely. The plasma potassium rose terminally and also transiently in 
instances of more severe traumatization. 


J. F. Mannery and D. Y. Solandt, from the University of Toronto, Toronto, 
also noted an increase in serum potassium value in dogs traumatized to a shock 
level blood pressure. Despite restoration of blood pressure and circulation time 
(even temporarily) by an infusion of blood substitutes, the chemical changes 
were but partially reversed. 
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R. Cortell and E. Gellborn, from the College of Medicine, University of 
Illinois, Chicago, called attention to the fundamental differences in the reactivity 
of the autonomic and the cerebrospinal nervous systems in cats. Whereas somatic 
movements elicited by direct central stimulation decline, the autonomic centers 
exhibit an increased excitability during anoxia. This is characterized by an 
increased response of the nictitating membrane, pilomotor phenomenon, and an 
elevation of blood pressure. Similar differences were found during hyper- 
capnia and hypoglycemia. It is assumed that such characteristics of the au- 
tonomic system make possible the adjustment reactions to alterations of homeo- 


stasis. 


J. G. Schnedorf and T. 8. Orr from the University of Kansas School of Medi- 
cine, Kansas City, determined the effect of high concentrations of oxygen upon 
shock induced by trauma, histamine, and hemorrhage. In all instances under 
comparable conditions of blood loss, dogs treated with the inhalation of 100 
per cent oxygen survived longer and maintained a higher blood pressure. In ad- 
dition animals so treated were able to stand the loss of larger volumes of blood. 
One hundred per cent oxygen significantly increased the arteriovenous oxygen values. 


That high concentrations of oxygen when inspired for prolonged periods of 
time may not have an unmixed blessing was inferred by John Randolph Paine, 
Ancel Keys, and David Lynn, from the University of Minnesota Medical School, 
Minneapolis. Dogs kept in a specially constructed chamber breathing oxygen at 
a concentration of 90 per cent or over invariably succumbed from cardiorespira- 
tory failure in less than a week. With the higher concentrations this interval 
was materially shortened. Control animals respiring air survived without de- 
tectable deviations from normalcy. Autopsy findings of those dead from high 
concentrations of oxygen, usually showed evidence of pulmonary congestion with 
interstitial edema and polymorphonuelear cell infiltration, plus the signs of right 
heart failure. 


Observations by F. 8S. Steinitz, R. S. Megibow, and L. N. Katz, of Michael Reese 
Hospital, Chicago, on the changes of dynamics following experimentally pro- 
duced major and multiple minor pulmonary emboli suggest that the mechanism of 
death and the circulatory alterations are due to the development of an abrupt 
and persistent systolic and diastolic pulmonary hypertension, as recorded by the 
Hamilton manometer in anesthetized and unanesthetized trained dogs. The hyper- 
tension manifest in the lesser circuit appears related to the amount of mechanical 
obstruction to its blood flow. Usually there is an elevation of respiratory rate, 
an increase in cyanosis, and elevation of systemic venous pressure, coincidental 
and progressive with the degree of pulmonary hypertension. The ultimate cause 
of death, with the exception of a few animals dying of ventricular fibrillation, 
in experimental pulmonary embolism, is failure rapidly or slowly of the right 
heart. 


Investigations by Robert Dean and Maurice B. Visscher, from the University 
of Minnesota Medical School, Minneapolis, on the kinetics of lung ventilation 
using helium or nitrogen and oxygen mixtures point out that the clinical advantage 
of the foriner is founded on the ability of helium to resist turbulence of flow at 
rates up to three times the value for air. Turbulence in their experience occurs only 
in the trachea and larger bronchioles, Since the work required to maintain a 
turbulent flow is greater than for a similar rate of streamline flow, the substitution 
of helium. oxygen mixtures for air eases the respiratory efforts in cases of tracheal 
obstruction. 
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Emphasis was lent to the acid factor in the genesis of duodenal ulcer forma- 
tion by the work of Richard L. Varco and C. F. Code, from the University of 
Minnesota Medical School, Minneapolis. Following the daily intramuscular in- 
jection into dogs of a histamine in beeswax-mineral oil mixture, which calls 
forth a continuous, copious flow of highly acid gastric juice maintained for many 
hours, there developed single or multiple perforating duodenal ulcers in each of 
three animals tested. 


Lyle J. Hay, David Lynn, and Owen H. Wangensteen, from the University of 
Minnesota Medical School, Minneapolis, confirmed these findings in a more ex- 


tensive series of dogs and by applying this method to a variety of animals were able 


to produce gastric and/or duodenal ulcers in pigs, guinea pigs, rats, rabbits, wood- 
chuck, chickens, ducks, calves, cats, and a monkey. 


Prevention of the development of experimental gastrojejunal ulcers in Mann- 
Williamson dogs by the use of enterogastrone was reported by A. P. Hands, G. B. 
Fauley, Harry Greengard, and A. C. Ivy, from Northwestern University Medical 
School, Chicago. Enterogastrone in an amount known to abolish gastrie tone 
and motility for sixty minutes and to halve the gastric secretory response of total 
pouch dogs was administered three times daily intravenously. At the end of 
eight to fourteen weeks all twelve test animals had exhibited no untoward re- 
actions and had improved in general physical status without manifesting any 
symptoms of an ulcer. This period definitely exceeds the interval required for 
untreated Mann-Williamson dogs to exhibit characteristic symptoms of uleer 
formation. 


Senescence has no effect on the emptying time of the stomach after a standard 
meal, concluded Edward Van Liere and David Northup, of West Virginia Uni- 
versity, Morgantown, on the basis of fluoroscopic study of twelve men, averaging 
70.7 years of age, compared with a group of healthy medical students. 


Keith S. Grimson, Alf S. Alving, and Wright Adams, from the University of 
Chicago, Chicago, reported the effect of total and subtotal sympathectomies on 
the blood pressure of hypertensive persons. In the former, with a three-stage 
procedure the entire thoracolumbar chains, splanchnic nerves, and celiac ganglion 
are removed; in the latter, a two-stage procedure, the sympathetic ganglia bilaterally 
below the first lumbar only are preserved. The procedure was limited to 11 pa- 
tients with essential or idiopathic hypertension, 2 receiving all three stages, 7 
two stages, and 2 bilateral lumbar sympathectomy and splanchnic nerve section. 
There was 1 death. Total sympathectomy was demonstrated to be compatible 
with the relatively normal existence, where gastrointestinal, urinary, and respira- 
tory functions remain fairly unaltered. Blood pressure values fell to approx- 
imately normal values in 4 of the 9 hypertensives subjected to total or subtotal 
sympathectomies; 3 other patients had a definite lowering of blood pressure post- 
operatively. The group has been observed two to ten months and in some there 
is a tendency to a gradual elevation of blood pressure. Bilateral lumbar sym- 
pathectomy and splanchnic nerve section effected but a slight alteration of the 
blood pressure. 


Cyclopropane augments the adrenalin effect on the autonomic tissues of the 
dog’s heart, stated J. W. Stutzman, of the University of Wisconsin Medical 
School, Madison. Whereas in the unanesthetized animal 0.01 mg. of adrenalin 
per kilogram produces only escape phenomena, under anesthesia it usually in- 
duces multifocal ventricular tachyeardia. In studies on the influence of thyroid 
on cyclopropane-adrenalin tachycardia, he noted a shortening of the adrenalin 
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tachycardia in anesthetized dogs who had been thyroidectomized two to four 
weeks previous. There was a prolongation of the effect in animals fed desiccated 
thyroid gland to a state of hyperthyroidism. 


H. S. Wigodsky and B. P. Phipps, of Northwestern University School of Medi- 
cine, Chicago, studied the ability of the gall bladder to eliminate sediment by 
placing sand in the canine gall bladder and noting the residuum radiographically 
while administering various diets. Ketochol tablets, a choleretic, were signif- 
icantly inferior to a cream-and-eggs mixture in promoting cholecystie elimina- 
tion of sand. Repeated evacuation, not choleresis per se, tends to flush the gall 
bladder. 


H. A. Davenport and R. T. Bothe, of Northwestern University Medical School, 
Chicago, noted the reaction of living bone to several metals and alloys. Two- 
millimeter pegs of the following substances were so placed as to contact the peri- 
osteum, cortex, and medulla in aseptically drilled holes of the cat femur: Al, 
Ag, Be, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, Ti, W, Au-Pt, Mn-Ti, Cr-Mn, Fe-Ti, stainless 
steel, and vitallium. Two implants of dissimilar metals were usually made in each 
femur. Readings of electrical potential differences between couples of dissimilar 
metals failed to support the idea that electrolysis is the cause of an unfavorable 
bone reaction to an introduced foreign body. 

Ti, Pb, Cr, Al, vitallium, and stainless steel were well tolerated. The authors con- 
cluded ‘‘that living bone reacts to adjacent metal in the manner conditioned by the 
solubility of the metal in body fluids, plus the effects (locally) of salts so formed.’’ 
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Book Reviews 


Diagnosis and Treatment of Menstrual Disorders and Sterility. By Charles Mazer 
and S. Leon Israel. Pp. 485, with 108 illustrations. New York City, 1941, Paul 
B. Hoeber, Ine. $6.50. : 


This practical volume summarizes the accepted methods for diagnosis and treat- 
ment of the gynecologic conditions about which it is written. History and theory 
have been omitted, and it is purely clinical, having been designed primarily for the 
family physician, so that pertinent information is readily available to him. 

Unfortunately, the authors adhere to the older use of the term anovulatory 
menstruation instead of anovulatory bleeding; otherwise the terminology is aec- 
curate throughout. Each term employed is clearly defined, immediately familiarizing 
the reader with the condition to be discussed. ‘*‘ Irregular shedding’’ of the endo- 
metrium is not treated here as a separate entity but is merely mentioned by quotation 
from some of its most ardent advocates. 

The sound recommendations for diagnosis and treatment suggest complete and 
vareful patient study. Particularly gratifying is it to see this volume, which will 
find wide usage, advocate the routine use of diagnostic curettage even in the presence 
of pathology which might be responsible for the uterine bleeding. One of the 
specific recommendations for its use is in the patient with known myomata uteri 
in whom the bleeding may be the result of a submucous myoma, but the myomas 
might, on the other hand, be innocently associated with a malignancy of the body 
of the uterus. It is the repetition of such basic principles which will help avoid the 
disasters that are bound to follow when the physician uses radium or x-ray or 
resorts to hysterectomy without taking time to make a positive diagnosis by methods 
which are available to all. 

Of particular usefulness in everyday practice is the appendix, which lists all the 
commercially available standardized endocrine products and their dosages. The text 
is helpful in this, since frequently the dosages are given in terms of different units. 
The biologic units are all defined, making this book as complete in every detail 
as is possible with relative brevity. 


Anatomical Studies on the Motion of the Heart and Blood. By William Harvey, 
translated with annotations by Chauncey D. Leake. Pp. 150, with 9 illustrations. 
Springfield, Ll., 1941, Charles C Thomas, Publisher. $1.50. 


A third edition of the Leake translation of the Harvey classic is proof that 
interest in the roots of modern physiology and experimental medicine is not dead. 
This volume, like its predecessors, is handsomely printed on excellent paper. It 
carries the more important facsimile illustrations from Harvey’s original work. 

The translator justifies the presentation of a new edition at this time in the 
preface, which begins: ‘‘In spite of the acute impact of political and economic 
events, the less tangible cultural relations between countries may be more significant 
in the long run. ... With today’s threat to the achievement of our cultural ideal, 
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every opportunity should be taken to strengthen the desire to maintain it.’’ It is 
also undoubtedly true that in any time it is profitable for students of medical 
science to study carefully the great classics of its literature, of which Harvey’s 


De Motu Cordis is without question one of the greatest, and, perhaps, in the light of 
its time, the greatest of all. 


Office Urology (With a Section on Cystoscopy). By P. 8. Pelouze, Philadelphia, 
1940, pp. 766, with 424 illustrations. W. B. Saunders Company. $10.00. 


This work is a good deal more comprehensive than is indicated by its title. Con- 


taining, as it does, helpful suggestions as to nonsurgical therapy and diagnosis, it is 


sure to be especially valuable in general practice and to be of use to anyone who 
treats urological patients. 


Included are sections on the arrangement of the office, on anatomy and physiology, 
on the various diagnostic maneuvers, and on all of the diseases of the urogenital 
tract commonly seen and susceptible of treatment in the office. The section on 
cystoscopy is informative and comprehensive. One cannot but be impressed by the 
author’s sensible views upon such controversial subjects as the endocrines and 
sexual problems. He is entirely free from the overenthusiasm and superstitions 
so often exhibited by physicians who dabble in these fields. 


Obviously, no urologist can read a book written by another without finding some- 
thing to criticize; this one is no exception. The relative lack of references to the 
literature is undesirable. Some of the most useful information is a little obscured 
by cumbersome phraseology, and the author’s tendency to invent words is at times 
confusing. It is regrettable that he has tried to perpetuate two of urology’s 
hoariest myths; namely, that sudden emptying of the distended bladder is dangerous, 
and that procaine is an anesthetic when applied topically. It is not clear exactly why 
he omits the sulfonamides in the treatment of gonorrhea confined to the anterior 
urethra of the private patient while employing it in the clinic patient. In the 
opinion of the reviewer, the author’s doubts about the possible success of urethro- 
plasty in hypospadias are not justified, and the injection treatment of hydrocele 
is a little more useful than one would suspect from his book. Many of the illustra- 
tions would be greatly improved by the substitution of good photographs for some 


rather poor drawings of pathologic specimens. 


Nevertheless, this book ought to be read by those at whom it is aimed, 


Surgical Anatomy of the Head and Neck. By John Finch Barnhill, M.D., F.A.C.S. 
Ed. 2. Pp. 773, with 431 illustrations. Baltimore, 1940, The Williams & 
Wilkins Co. $15. 


This book, a second edition, which is obviously more or less a reproduction of a 
series of lectures given in postgraduate course for otolaryngologists, is another ap- 
plied anatomy of the head and neck. 


. It contains a running description of the anatomy of these parts suitable, no 
doubt, for the purpose of these lectures. The illustrations, mostly drawn by the 
author himself, demonstrate remarkable talent, but should have been redrawn by a 
professional artist for publication. They are mostly labeled with numbers, the key 


for which is given in the legend below the figure. It would be much less laborious 
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to follow if directly labeled at the end of the leads, where space permitted. There 
is a certain superficiality about the book which is in contrast to the didactic style 
in which it is written. Some discussions of physiology and pathology are particu- 
larly noticeable in this respect. 


Some of the book was obsolete when published. The index is incomplete. 


Diagnosis and Treatment of Arthritis and Allied Disorders. By H. M. Margolis, 
Pp. 551, with 140 illustrations. .New York, N. Y., 1941. Paul B. Hoeber, Ine. 
$7.50. 


The author has covered a wide field of material relative to rheumatoid and joint 
diseases. There is a good bibliography covering many phases of the subjects re- 
viewed. A number of the author’s conclusions relative to etiology and therapy are 
controversial, as would be expected of any work covering rheumatoid disease at this 
time. The chapter relative to the recognition and correction of arthritic deformities 
is of special interest and well illustrated. Perhaps of greatest interest, however, are 
the chapters dealing in some detail with shoulder, low back, and sciatic pain, condi- 
tions that often represent difficult problems in diagnosis and management. 


The 1940 Year Book of Pathology and Immunology. Edited by Howard T. 
Karsner, Professor of Pathology, Director of the Institute of Pathology, 
Western Reserve University, Cleveland (Pathology); Sanford B. Hooker, Pro- 
fessor of Immunology, Boston University School of Medicine (Immunology). 
Pp. 668, with 115 illustrations. Chicago, 1940, Year Book Publishers, Ine. $3. 


This is a new addition to the series of Year Books. The subjects embrace two 
fields of vital importance in modern medicine. Both editors are well known in their 
respective fields. 

Dr. Karsner has made a comprehensive selection of the literature on pathology 
for the past year or two. One interesting and stimulating feature is the response 
of well-known investigators to summarize their contributions rather than an attempt 
on the part of the editor to abstract their many papers. Thus there is a review 
of ‘‘ Familial Tumors of the Rabbit,’’ by Greene; ‘‘ Intercellular Lipoid-Protoplasmic 
Reactions,’’ by Hass; ‘‘ Experimental Hypertension,’’ by Kahn; ‘‘ Frog Carcinoma, ’’ 
by Lucke; and ‘‘Nephrotoxie Nephritis,’’ by Smadel. Consideration is also given 
to the pathology of tumors and the different systems, with a final chapter on technical 
notes. 

The last half of the book is devoted to immunology, which should prove to be 
definitely useful to the pathologist and immunologist. Dr. Hooker has reviewed the 
immunological advancements pertaining to bacterial diseases; viral and rickettsial 
diseases; diseases due to protozoa, fungi, and higher parasites; and tumors. The 
rapid advancements in immunology are reflected in the section in immunochemistry. 
An attempt has been made to review the recent literature pertaining to therapy with 
the sulfonamide compounds, and an inadequate presentation has resulted because 
one can hardly do justice to the subject by abstracting only eleven original papers. 

Both authors have increased the value of this volume by their editorial comments. 
The book is recommended for anyone who seeks a concise and authoritative review 
of recent developments in pathology and immunology. 
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